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Radiographing a weld in a section of piping. 


Jenkins offer a completely comprehensive 


welding service. Fabrications of all sizes—in 

all the weldable metals—are produced in a 

WV elded by large, well-equipped works. Ancillary services 

like galvanizing, site erection of large plant, 

laboratory testing and examination, etc., ex- 

} HD NK T N &. plain why many large industrial undertakings 
find that it pays to have their plant “welded 


by Jenkins”. 





O F ROTH ERUH AM 


Welded fabrications to the requirements of 
Lloyds Class 1 (fusion welded pressure vessels, 
A.S.M.E. and A.O.T.C. codes and similar 


specifications. 


ROBERT JENKINS &€ CO. LIMITED, ROTHERHAM 


Telephone: 4201-6 (6 lines 
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Just as this complex distillation plant may be based on the 
fundamental Rayleigh equation so too, each component part 
derives its shape, size, material and method of construction 


from other scientific criteria. In welding, particularly in the case 
of alloy steels, the choice of electrode can be critical 
to the life of the plant 


COMMERCE WAY - CROYDON ROCKWELD LTD. ARE SCIENTIFIC SPECIALISTS IN ARC WELDING ELECTRODES 
SURREY * Tel. CROYDON 7161 (5 lines) 
FOR EVERY APPLICATION 
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FROM BRITISH OXYGEN—FOR BRITISH INDUSTRY 


The best 
oxygen cutting machines 


in the world 


Bantam. Portable (22 lb) robust, versatile, for straight line and circle 
cutting (straight edge or bevel). Also cuts simple profiles. The mechanised 
cutter for every engineering shop. 

Beagle. Transportable (125 lb) profiling machine . . . for one-off work 
tracing direct from drawing, eliminating need for templates; unique 
head for bevel cutting on any profile 

Bison. A precision machine tool for high quality profiling from steel 
or wooden templates, or direct from drawings. ‘Takes up to three heads 


for multiple cutting. 


36” Universal Cutting Machine. Highly popular general purpose 


profiling machine for busy work-shops. 
55” Universal Cutting Machine. Robust machine for precision 
cutting of heavy steel up to 24” thick. 


Oxyplane. Specially designed for flame planing of large plates to the 
close tolerances required for automatic welding. Four sides planed 


simultaneously to any required preparation. 


Think what a new British Oxygen 
Cutting Machine of the latest design 
can mean to you in increased output and 
higher quality precision cutting. 


Write for fully illustrated literature. 


Spencer House, 27 St. James's Piace, London, S.W.1. 


(©) BRITS EL ox Y GEN | British Oxygen Gases Ltd., industria! Division, 
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Solving 
the problem of 


IDLE CURRENT | 


to give you the same power 


for less money 





The Problem . How to eliminate the idle current consumed 
by motors, welders, transformers, etc. In other 
words, how to improve Power Factor. 


The Solution: BiCc Power Capacitors: these idle current 
neutralizers improve the power factor of industrial 
loads with minimum inconvenience and expense. 


The Advantages . Lower Electricity Bills — reductions in kVA 
demand charges or average power factor penalties 
are considerable; in fact BICC Capacitors 
usually pay for themselves in two to three years. 


Reduced Current Loadings on cables, switchgear 
and transformers, enable additional loads to 
be connected or losses to be reduced. 


BICC ‘MW’ Capacitors are small, compact, 
highly efficient and easy to install. 

Cc o Our Publication No. 401 gives you further 
information. It’s yours for the asking. 


BRITISH INSULATED CALLENDER’S CABLES LIMITED - 21 Bloomsbury Street, London, W.C.1 
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ABRASIVE BELT 
MACHINES 


PRODUCT OF THE Merrigler GROUP OF COMPANIES 
HEAD OFFICE 


6. O. MORRIS LIMITED, BRITON ROAD, COVENTRY. TEL: 53333 (PBX) 
SEPTEMBER, 1958 











ELECTRICALLY DRIVEN | 
profile cutting machine 


Any thickness of steel up to 3” 
Maximum straight cut 40” 

Maximum circle 26” dia. 

Maximum square 26° 

Maximum rectangular cut 2’ 7” x 2’ 2” 


£1 55 ~. 0 - 0 Ex Works 


Complete with MAGNETIC HEAD for 
use with steel templates and tracing head 
for use with wooden templates. 


g. ‘Cub’ 






The ““CUB™” is the ideal cutting machine for the smaller 
engineering workshop or maintenance department. Though 
simple in design it embodies all the qualities essentiai for clean, 
accurate and economical profile cutting. The “CUB” is 
suitable for use with acetylene, propane or coal gases. 





Descriptive leaflet available. Demonstration on request. 


If you have a problem B.1.G. technical staff 
will be pleased to help. 


British Industrial Gases Limited 


700, GT. CAMBRIDGE RD, ENFIELD, MIDDX. Telephone: ENField 4022, Telex: 24128 





NRP 


Sales and Technical Assistance available in most areas 
BRITISH WELDING JOURNAL 
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The multi-operator 
welding transformer with ‘3 in 1’ compactness 


A new range of \ ‘ENGLISH ELEcTRIC’ LWMC multi-operator welding equipments are designed 
; 4 \ for indoor or outdoor use. Built as a single unit, the transformer is mounted 
multi-operator welding \ in a special tank with a dry compartment housing the power factor correction 
transformers with inbuilt capacitor, combination fuse switch, H.V. terminals, thermometer pocket, 
power factor correction breather and oil level gauge. This compartment has full length access doors 
provided with handle and lock. Besides being weather-, vermin-, and tamper- 
capacitors and fuse- proof, these ‘ENGLISH ELECTRIC’ combination transformers are transportable 
switch units ~~ and can be easily platform-mounted. They are available for 3, 6, 9 or 12 
; operators at 350 amps. each in conjunction with standard regulators. 


AVAILABLE FROM STOCK’ Write for full information. 


ENGLISH ELECTRIC 


welding equipment and electrodes 














THE ENGLISH ELECTRIC COMPANY LIMITED, MARCONI HOUSE, STRAND, LONDON, W.C.2 
Welding Equipment Department, East Lancashire Road, Liverpool, 10. Telephone No: Aintree 3641 


WORKS: STAFFORD . PRESTON . RUGBY . BRADFORD . LIVERPOOL . ACCRINGTON 
WA.21K8 
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Taking the rough with the smooth... 
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CARBOFLE-X DEPRESSED-CENTRE WHEELS 


Abrasive products by Hew. ee See, Bom te 


TRADE MARK 





THE CARBORUNDUM COMPANY LIMITED, TRAFFORD PARK, MANCHESTER 17 
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Marconi Industrial X-Ray Equipment 


me Hime a — Ensures Quality 





Mounting running on overhead rails, the be manoeuvred about the shop floor, : 

Marconi Tubehead can be manipulated with enabling large components to be inspected both panoramic and 40 
ease over the largest components as, for without disturbing the flow of production. techniques 

instance, the one-piece cast steel bogie shown. (Photo by courtesy of W. J. Fraser & Co. 

(Photo by courtesy of English Steel Castings Ltd., Chemical Engineers). 


Corporation Ltd.) 


Some tubehead mountings for the 250 kV Constant Potential X-ray Generator 


175 kVp 
Circumferential welds can be X-rayed 
with one exposure. Moisture-proof, 
dust-proof and shockproof, it is British 








SINGLE GANTRY 
COLUMN TUBESTAND 
TUBESTAND OVERHEAD 
SUSPENSION 
DUAL- 
TRAVEL 
TUBESTAND 





GENERATORS AND TUBEHEAD MOUNTINGS FOR ALL TYPES OF WORK 


Radiographic inspection before machining often saves time and 
money — and is an assurance that safeguards your reputation. 
Write for Leaflet AQ20 on Marconi Industrial X-Ray equipment 
designed for the non-destructive inspection of welded and cast 
components. 


MARCONI 
bor X-Ray 


London and the South: Marconi House, Strand, London, W.C.2. Tel: COVent Garden 1234 
Midlands : Marconi House, 24 The Parade, Leamington Spa. Tel : 1408 North : 23/25 Station Square, 
Harrogate. Tel : 67455 (transferred from Hull). 

MARCON! INSTRUMENTS LTD - ST. ALBANS - HERTS . TEL: ST. ALBANS 56/6! 





250 kV CONSTANT POTENTIAL X-RAY EQUIPMENT The only British 


Attached to the Extending Suspension The Self-propelled Mobile Mounting can transportable unit for 












made and guaranteed for one year. 
Sample radiographs on request 











The complete 
equipment on 
a mobile 
mounting. 





110 kVp 


Flucroscopic cabinet 
with facilities for radiography. 





SEPTEMBER, 1958 
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British Code No, E.317.(BS.S. 1719) 


HE INVICTA Overway electrode 

is designed to produce high quality 
welds when made in the overhead and 
vertical positions. It is also suitable for 
down-hand welding and has an excellent 
application in the making of fillet welds 
in rigid structures. It is specifically 
recommended for use on all mild and 
medium carbon steels, including steels 
to the following specifications: B.S.S.14, 
B.S.S.15, B.S.S.968, E.N.14. 


Approvals 


Complies with B.S.S. 639/1952, parts | 
and 2. 

BRITISH 
Admiralty. All positions 
Lloyd’s Register of Shipping (united with 
British Corporation Register). All positions 
Ministry of Transport. All positions. 


NORWEGIAN 


Det Norske Veritas— Mild Steel. 

All positions. 
Also approved for welding *“W”™ and “WW” 
Quality Steel. 





Used by some of the largest 
Shipbuilding and Engineering 
Works throughout the world. 





Write for full details of the 
complete range of INVICTA 
ELECTRODES, which cover 
every industrial purpose 





. : Member of the Owen Organisation. 
INVICTA ELECTRODES LTD. be BILSTON LANE : WILLENHALL - STAFFS ~ TELEPHONE: JAMES BRIDGE. 3131. EXTN. 303 
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You’d be 
surprised what 
NMAPEL can see! 









... especially if you're worried about the 
efficiency of your welding. 
MAPEL — acknowledged leaders in the field of 
Welding Inspection — have seen stub ends of electrodes, 
rusty pieces of bar, parts of rivets and evena 
full-sized chisel in faulty welds! Not that all welding 
faults are deliberate. Many are due to lack of 
knowledge and bad techniques. MAPEL have the complete 
answer — can supply skilled advice on the correct 
techniques, procedure and practice ...can train your 
welders to high standards . . . can test welds 
speedily by visual, radiographic and the latest 
ultrasonic means. 








Call in MAPEL for Welding Inspection — for corrosion 
surveys and leak detection, too 


Get the facts from 


METAL & PIPELINE ENDURANCE LTD., 
Artillery Mansions, Victoria Street, London, $.W.1. 
Tel: ABBey 6056 ‘Grams: Metaldure, Sowest, London 


Divisiona! offices at Woolmer Green, Herts , also at Newcastie-cn-Tyne and Glasgow 


AGENTS THROUGHOUT THE WORLD 
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45 cubic metre Pressure Vessel 


made for I1.C.I. Billingham 
Division. Length 30 feet. 
Diameter 10 feet. Fabricated 
from ‘Kynal’ M3s/1_ alu- 
minium alloy }” thick. One 
end dished and a rolled body 
cone and skirt argon arc 
welded throughout. 


MARSTON EXCELSIOR in the Service of Industry 


Marston’s have unrivalled experience in the fabrication of light alloys—of all shapes and sizes. 












Their products have earned a reputation for efficiency and reliability that is world-wide. 





*® Light Alloy Fabrication 


*% Specialised Engineering Assemblies 


*® Laminated Plastic Components 
*® Flexible Tanks 
* Radiators and Heat Exchangers 






Tubular Heat Exchangers Oil Tank 


§ pass cross/contra type made for 
1.C.1. Billingham Division. Length 
18} feet. Diam. 234” inside. Header 
tanks are aluminium castings Fabricated 
of BS.1490 LM.20 alloy §” thick. aluminium alloy {” thick with 
Body rolled and welded from dished ends and a rolled plate 
PA.19 aluminium alloy plate }" body. Argon arc welded 
thick. throughout. Tested to withstand 
Tested to 75 p.s.. an 18 foot head of water. 


of 2500 gallon capacity, made 
for 1.C.1. Paints Division. 
Length 14 feet. Diameter 7 feet. 


from ‘Kynal’ P3 








MARSTON EXCELSIOR LIMITED | 


(A subsidiary company of Imperial Chemical Industries Ltd.) 
FORDHOUSES, WOLVERHAMPTON. Tel: Fordhouses 3361 


MAR232 
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Standard tools 
for special jobs 


.and, of course. for standard jobs, also. 
For the advantage of MALLORY standard 
spot welding electrodes, holders and adaptors, 


is that whether the work in hand is simple 





or full of awkward corners a set-up can 
usually be devised that will do the job — without 
the need for expensive special tools. 


MALLORY standardisation is sensible tooling ~- an 


sensible economics 


Booklet 1206 “Mallory Resistance Welding” gives details 


of the Mallory range of standard welding equipment. 


Copies are free on request. © 





Johnson agp 
Matthey 


JOHNSON, MATTHEY & CO., LIMITED 





pal 
— 





controlling MALLORY METALLURGICAL PRODUCTS LTD 73-83 HATTON GARDEN, LONDON E.C.i 
Telephone: Holborn 6989 
Vittoria Street, Birmingham, |. Telephone: Central 8004 75-79 Eyre Street. Sheffield, |. Telephone: 29212 
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Men like em 















that’s why they prefer the .¢ 
oy 


M LN E General’ E 


i 
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 ] 


Y 
Dwpipe 


MILNE ‘‘General’’ blowpipe doesn’t come to them as a raw ry 
“A 


) 
Your men are luckier than the drill sergeant! says Reg. The 
. 
recruit. No sir, this robust blowpipe has its toughness built-in : G 
~ it has all the advantages of the seasoned campaigner, in fact < 
there's 30 years’ service behind it. Knock it about, treat it Z A 


rough, the ‘‘General”’ is always ready for more. Naturally, it’s 


eX 


when long service stripes are being issued, the MILNE \ 
“General” is first on parade. Remember, with MILNE blow- 


versatile and hardworking, that’s the way it’s made — and 


4 
pipes on the job your men can stand easy! 

Full details from the Quartermaster at 

Cc. Ss. MILNE & CO. LTD. 


HARLEY WORKS, OCTAVIUS ST., DEPTFORD, LONDON, S.E.8 Telephone TIDeway 3852/3 
Also at 172-174 West Regent Street, Glasgow, C.2, Scotland 





tr. let 
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Consulting Engineers, Scott & Wilson, Kirkpatrick & Partners 


Part of the steel framed structure supplied to British Nylon 


Spinners ( Australia) Pty. Ltd. for their new factory at Melbourne. 


BRIDGE AND CONSTRUCTIONAL ENGINEERS 


LONDON OFFICE: DORLAND HOUSE - REGENT ST - LONDON SWI - TEL: WHITEHALL 3993 
SEPTEMBER, 1958 








Dragged and scuffed through half the world’s shipyards, construction sites and engineering 
works, Mersey Welding Cables show remarkable indifference to their hard life 
being just as likely to go on serving you long after others have outlived their usefulness. 
In part, this extraordinary toughness and flexibility is due to the care and skill 
of the men who make them, partly to the fine quality materials used and lastly to the 
advanced manufacturing techniques evolved by the Mersey Cables research and 
development teams (they were the first to give you irradiated cables!) All of which adds up 
to this: if you’re looking for a really tough, flexible, long-life welding cable—look 
to Mersey. Write, on official letterhead please, for our Leaflet No. 1/103 on Welding Cables. 


The toughest most flexible 
welding cables come from 


| 


MERSEY CABLE WORKS LIMITED: LIVERPOOL 20 


= MCW I! 
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@ DEB 400—fully enclosed, all 
panels and covers are lockable. 
Side panels need not be removed 
for normal maintenance. 


All these features in the 


w QUASI-ARG engine-driven welding sets 
-— 


* Sturdy construction for the toughest site work * Powerful Fordson Major 4-cylinder Diesel engine 
* Light in weight, handy and compact for easy (Alternative engines including Perkins L4 can be fitted) 
manoeuvrability * Simple, grouped controls 

* Complete range of undergear available to give %* Fully automatic idling device for economy 
maximum mobility in al! conditions * Electric and hand starting on all models 


rr 


N 


* New Quasi-Arc generator has flexibility which makes + Current range 40-400 amperes 
equipment suitable for large variety of applications and %* For further details and specifications please write 
all types of electrodes for leaflet T.C. 859A. 


















TE mB (ill 
pasar ir 


@ DEB 400U —- standard 
‘utilitv’ model. Combines 
remarkable efficiency and 
versatility with low capital 
cost. 


QUASI-ARC 


QUASI-ARC LIMITED - BILSTON ~- STAFFORDSHIRE 
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What’s cooking? 


As far as Crompton Parkinson stud welding 
is concerned, plenty! Consider stud welding 
in relation to the Jones family, for 
example. It has helped in the manufacture 
and very possibly in the design—of their 
cooker, refrigerator, sink unit, water 
softener, washing machine, and even of 
their coffee percolator. 

Keeping up with the Jones’s by speeding 
production and cutting costs is something 
that concerns every industry. If your 
company uses metals and is anxious to 

do a good job better, have a word with 
Crompton Parkinson about stud welding. 
Time and again it has proved to be the 
recipe for simplifying designs and 
increasing productivity. 





STUD WELDING 
STEPS UP PRODUCTION 





rr 


(rompton Parkinson 
(STUD WELDING) LIMITED 





1—3, BRIXTON ROAD, LONDON, 8.W.9. Telephone: Reliance 7676 
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Wire 
for the 
welding 
industry 





WIRE FOR ELECTRODES 





Richard Johnson & Nephew Lid * Manchester 11 
Tel.: EAST 1431 
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Cutting 22” steel with 
| / 


\. | PYROGAS 


This photograph was taken at the Dennystoun Forge, Dumbarton and We also manufacture 
. , > ” Saturn High Purity Argon 

shows machine cutting of a 22” diameter steel shaft. The fuel gas—Pyrogas, , 7 : 4 ' 

and a full range of cutting 

and the B.G.T. cutting nozzle were both supplied by Saturn Industrial and welding equipment 

Gases Limited. including Saturn-Hivolt 

. > . Surge Injector Argon Ar¢ 

Pyrogas—the versatile fuel gas—is unsurpassed . ‘ 

Welding Units. 

for cutting, heating, brazing and metal spraying 

and has been proved in industry for many years. We give daily deliveries of 


SUPER-PYROGAS, with its patented chemical Gases, supply equipment, 

ve ; . . and provide a prompt 

additive, has a higher flame intensity than Pyrogas ‘ ; 
repair service from all 


and is used particularly for machine cutting. our branches. 


SATURN INDUSTRIAL GASES LTD 


Group Head Cffice: Gordon Road, Southall, Middiesex. 


Branches: Birmingham, Glasgow, Lymington, Manchester, 








Sheffietd, Sundertand, Thornaby-on-Tees. 
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Taking a leaf out of the Wiggin book 







NICKEL 










INCONEL 








ngineering developments in many 
WTR NIN ee ALLS jiscussed here can spark off ideas for a new approach to 
' 1 o | rF awn nrohiem , 

t—— your own prol : 


y in ‘Wiggin Nickel Alloys’. Topics 


extreme temperatures, corrosion, 
stress, or electrical resistance 
Let us know if you 
are not on our 


mailing list, and 


recwicw sence | WMIIQSQQEIN] «vow nicket ALLoys 


for expert advice 
on your specific 
problems. 
























“ Inconel’ is a Registered Trade Mark. 
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engineering developments in many 
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NG ROSE ALS 7 fe can spark of ideas for a new approach to 


Let us know if you | 
are'not on our | 
mailing list, and 

call in our 
TECHNICAL SERVICE 
for expert advice 

on your specific 
problems. 


xtreme temperatures, corrosion, 





cal stress, or electrical resistance 
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“ Inconel is a Registered Trade Mark. 
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FIRST IN THE FIELD—AND STILL IN THE LEAD 


HEAT EXCHANGERS 



















For Bradwell Nuclear Power Station, Essex 
The 12 heat exchangers for Bradwell Nuclear Power 
Station, Essex, each weighing 200 tons, are being 
designed and fabricated by Head Wrightson & Co. Ltd., 
a member of the Nuclear Power Plant Company Limited, 
using 10 LINCOLNWELD Fully Automatic 
submerged-arc welding units. 

The vessels are subject to the requirements of 

Lloyd’s Class | Standards for fusion welded pressure 


* vessels, and all the welds are radiographically 


\- 
+e 


examined, and finally stress-relieved. 
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The above photograph shows ts 

a ciose up view ola : A 

LINCOLNWELD j 

Fully Automatic submerged- 

welding unit, working on 
rnal weld. 
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The photographs show (Above) the completed shell of 
the first exchanger. (Left) an internal weld * 

being made with a LINCOLNWELD Fully Automatic 
submerged-arc welding unit. 

LINCOLN’'S wide experience gained from 


installing hundreds of Automatic Units 





throughout the world is at your SERVICE. 


Write or telephone THE AUTOMATIC DIVISION 


LINCOLN ELECTRIC CO LID 


WELWYN GARDEN CITY-HERTS- WELWYN GARDEN 920 (5 lines) 4581 (5 lines) 
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Come back 
again... 


to a re-assessment of Resin Bonded 
Belts for Metalworking now that Behr- 
Manning have produced one that is so 
much improved it outdates all previous 
comparisons! Measure these improved 
resin bonded belts on their rate of cut 
and length of life—that is your basis of 
ost and of y 


Because improved Behr-Manning Resinall 


Metalite Belts have a double bond of 


ns immune togrinding 
abrasive grains 

find they show 

many jobs—partic- 
extremely rugged 


1em and see for your 





ur Norton Representative or 


us at Welwyn Garden City 


*BEHR-MANNING 


Resin Bonded Belts 
will save you money 


BEHR-MANNING Coated Abrasives 


Made by Behr-Manning Lid. Belfast and marketed in the U.K. by their associated company 


NORTON GRINDING WHEEL CO. LTD. 


BEHR-MANNING COATED ABRASIVE DIVISION, WELWYN GARDEN CITY, HERTS. Telephone: WELWYN GARDEN 4501 (10 ‘ines) 


NORTON and BEHR-MANNING factories also in Argentina, Australia, Brazil, 
Canada, France, Germany, Italy, Northern Ireland, South Africa and U.S.A 
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Carbon Dioxide Welding and Production of 
Automobile Chassis Side Members 


By S. 


Astley 


SYNOPSIS 


The paper describes the method and equipment used in the manufacture of side-members for a held 


car chassis, using a fully automatic bare-wire CO, welding process. Special consideration has been 


given to the planning and design of a welding machine capable of locating and traversing a chassis 


side-member between two welding heads, allowing the welding to be fully automatic over the full 


length of the member. To fabricate the box section of the member, which has a very large corner 


radius, it was necessary to make two continuous fillet welds under normal production conditions, 


at the same time producing a weld of high quality to meet all production and functional require- 


ments. 


“Gipsy” field car were constructed with side 

members welded by an automatic carbon-arc 
process, with the welds running along the centre of 
the upper and lower faces (Fig. la). These chassis were 
subjected to extensive testing on the Motor Industries 
Research Association test track, and also under 
normal road conditions. As a result of an investi- 
gation into possibilities of reducing chassis production 
cost, with a minimum of tooling, labour, and material 
and without any reduction in the quality of the frame, 
a new method of fabrication was devised (see Fig. 15). 
For this, it was necessary to introduce a new method 
of welding the side-members and producing the 
pressed-steel channels. A_ special-purpose welding 
machine was designed and constructed, using a CO, 
automatic welding process, with a continuous bare- 
wire eiectrode and carbon dioxide shielding of the arc. 
Welding is carried out in the 3 o’clock position, 
allowing the two welds to be made simultaneously. 
Figure 2 shows the finished member and its com- 
ponent parts. 


TT: original prototype frames of the Austin 





Paper to be presented at the Autumn Meeting in London. 
Manuscript received 6th June, 1958. 

The author is chief planning engineer at John Thompson Motor 
Pressings Ltd. 
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1—Fabrication of side-member dy: 


procedure 








(a) old procedure, (5) new 
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2 -Finished side-member and component parts 


}— Blanking lay-out for upper channels of side-members 





4—Fixture for assembly and tack welding 


Assembly for welding 

The lower channel is first placed in a fixture (see 
Fig. 4), and clamped in position against fixed locations 
by air-operated jaws which grip the flanges of the 
pressing; spacer blocks are then brought in at the ends 
of the member by a small hand-operated toggle lever. 


Table I 
Equipment and methods for producing channels 


mponent Operation 
nnel 1—blank from sheet 
2—form channel and bend 


1—uncoil, straighten, cut to 
length, and stack 
2—form channel and bend 


Tooling Machine 
Blank BS631 1000 ton Bliss 
Press D7080 2000 ton J.T 
Crop B5632 75 ton Butterley fitted with 
‘Bowfeed’ equipment 


Press D7081 2000 ton J.T 





PRODUCTION AND ASSEMBLY OF CHANNELS 
laterial 
material used throughout is 14 s.w.g. (0-08 in. 
lild steel to B.S. 1449, En2B cold-pressing 
ty. The following maximum limits for chemical 
position of this material are given in B.S. 970: 
15%: Mn, 0-50°%: S, 0-05°%:; P, 0-05°%. The 
S. is specified as 20-23 tons/sq.in., and the 
mum elongation as 28°, on 8 in. 
[he upper channels of the side-members are 
inked from pickled and oiled sheets 11 ft. 2 in. » 
) in. 14 s.w.g., each plate giving 4 blanks; no 
lanking margin is allowed between each component, 
is reducing offcut material to a minimum, see Fig. 3. 
The lower channels are made from _ hot-rolled 
pickled and oiled coiled strip 63 in. wide by 14 s.w.g., 
purchased in half-ton coils, and no material is wasted 
by offcuts except at the extreme ends of the coils. 
Production of channels 
The equipment and methods used to produce the 
channels are listed in Table |. The combined uncoiler 
and straightener, together with automatic length stop 
and press control, give continuous production at 
5 pieces per minute, unattended except for the removal 
of finished parts and the loading of new coils. All other 
tooling is of orthodox design. 


The upper channel is inserted into the lower, and is 
clamped in position by air clamps with positive stops 
to maintain the correct profile of the finished member. 

The fixture is mounted on trunnions and is free to 
revolve through 360° about its longitudinal axis. 
Assembly takes place with the fixture in the horizontal 
position. The fixture is then revolved through 90° and 
the two channels are tack-welded together at 12-in. 
intervals by arc welding. 

Two operators are employed for the assembly and 
tacking operation. 


DESIGN OF WELDING MACHINE 


The welding machine consists basically of a pair of 


rollers carrying the member to be welded between two 
welding heads at a constant speed, while providing for 
change of section and elevation. The general arrange- 
ment is shown in Fig. 5. 
Drive system 

The drive rollers are made of aluminium bronze, and 
are 12 in. dia. at the driving face, with flanges 144 in. 
dia. x § in. thick. The lower roller is driven by a | h.p. 
hydraulic motor of infinitely variable speed via a worm 
reducer and spur gears, and the drive is then taken 
through a train of four idler gears to a spur gear bolted 
to the flange of the upper roller. 
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5—General arrangement 
of welding machine 


Close-up of welding machine, 


showing drive rollers and 
welding heads 
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To allow for the change in section of the member to 
be welded, the upper roller is permitted to move up and 
down with its bearings, the driving gears being coupled 
together by three swinging links to keep them in mesh; 
downward pressure is applied by an air cylinder to the 
upper roller bearing, sufficient only to provide a 
constant drive without distorting the component. 

Compressed air is supplied to the cylinder via a 
variable reducing valve and expansion chamber. 
Pressure gauges are incorporated with the air line. 

A revolution counter is built into the machine, 
indicating the output in r.p.m. from the hydraulic 
motor for the purpose of checking welding speed. 

A system of air-operated and fixed rollers, built into 
the machine, ensures that the weld seam is kept in 
constant alignment with the welding heads for the 
first two-thirds of its undulating path (see Fig. 6); 
for the remainder of its travel a tracer roller is used, 
which is clamped into the leading end of the member 
and rolls over a large face cam or template adjacent to 
the delivery side of the machine (see Fig. 7). 


Welding heads and wire feed 

The welding heads are mounted one on each side 
of the machine at an angle 15° from the horizontal and 
at 5° from the direction of traverse of the side-member. 
Compound slides operated by hand-wheels provide 
for | in. of vertical and lateral adjustment. 

The water-cooled welding head is a simple robust 
unit, with all parts renewable and interchangeable, 

The wire feed reels are mounted on top of the 
machine and accommodate 20 kg. coils of wire, which 
are quickly changed over as they are used up. The 
wire is fed to the welding head through straightening 
and feeding rollers driven by a variable-speed d.c. 
motor. 


Gas supply 

Carbon dioxide gas is supplied from four inter- 
connected standard cylinders through an electric 
heating element to two storage chambers, and from 
there it passes to the welding heads. Solenoid-operated 


7—-Side-member emerging from welding machine , guided by tracer 
roller 
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valves shut off the gas immediately the welding current 
is switched off. 


Current source 

The welding current (d.c.) is obtained from four 
mercury-are rectifier welding sets coupled together in 
pairs to give 400 amp maximum supply to each welding 
head. The welding current is switched on and off by 
remote control magnetic contactor switches. Volt- 
meters and ammeters are also incorporated for the 
guidance of the operator. 


Spatter removal 

‘Weld spatter is removed continuously from the 
flanges of the lower roller by two high-speed steel 
cutters; it is prevented from adhering to other exposed 
parts by the use of anti-spatter paint. 


WELDING PROCEDURE 

After the various machine controls have been set 
and checked, the end of the side-member is placed 
between the rollers, the freedom of the wire in the 
contact tubes is checked, and the position of the 
welding heads is adjusted relative to the edge of the 
flange of the lower channel. The drive rollers are then 
set in motion, and simultaneously the wire feed is 
tarted; this also operates the gas and welding current 
controls, and the arc is struck as soon as the electrode 

iches the side-member. As soon as the end of the 


ember emerges from the machine, one operator 
clamps the tracer roller in position while the side- 


ember is still moving forward, so that the two 12 ft. 
welded without a break. When welding is 
plete, the wire-feed is disengaged, automatically 
e welding current and gas supply, and the 
roller d motor is switched off. Two operators are 
equired on the machine, one to each head, and as 
each member is welded one operator places it in a 
storage cradle while the other inserts another member 


: , sa* 


into the machine 
After every ten welds spatter has to be removed from 
zas supply nozzles, but this comes away very easily 
ind only takes two or three minutes. Floor-to-floor 
e is 3-8 min. per side-member, and the labour 
ployed is semi-skilled only 
Only minor adjustment to the welding heads is 
juired while welding is taking place, and the only 

















(a) Plate A, test | 
(+) Plate A, test 2. 
(c) Plate B, test 3. 


No undercut at weld junction 
Slight undercut at weld junction 


Slight undercut at weld junction. Slight 
reduction in ductility 


(d) Plate B, test 4. Undercut at weld junction. Reduction in 
ductility 


8 — Weld profiles of typical sections of test plates (see Table II) 
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Table I 
Tensile tests on test plates 


Test Test Yield Max. Location of 
plate No. point stress fracture 
fons sq.in 
4 1 19-3 22°6 Parent plate 
2 20-0 22-0 Parent plate 
B 3 20:1 21-8 Parent plate 
4 19-4 20°75 Weld junction 


regular maintenence required is the replacement of 
contact tubes as they become worn, /.e., about every 
50 hr welding time. 

The settings for welding the side-members are as 
follows: 


Welding current 180 amp 


Arc voltage 28 V 
Welding speed 48-50 in. min 
Wire diameter 0-9 mm 


33-35 ft min 
14 litres, hr 


Wire feed 
Gas flow 

RESULTS OF WELDING TESTS 
Considerable experimental work was carried out on 
the welding of 14 s.w.g. mild-steel plate samples by 
the makers of the welding heads, and welding speeds 
of 35—60 in./min were obtained, the welds being of good 
quality, free from porosity and with very little spatter. 
Two test plates were welded in the 3 o’clock posi- 
tion, plate A giving a reasonable weld free from under- 
cutting, and plate B giving a weld with at least 10-20 °, 
undercutting on each side of the weld. Samples were 
taken from each plate and were tested to destruction 
on a universal tensile testing machine (max. load 2 
tons); the results in Table I] show that failure was in 
the parent plate except where there was excessive 


(a) 


(b) 





9—Macrographs of weld sections show (a) maximum, and ()) 
normal build-up of weld metal «10 
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10—Parts of side-member subjected to compression 


undercutting. The weld profiles are indicated in Fig. &. 
A hardness survey was carried out on weld sections 
taken from a side-member, average hardnesses being: 
weld, 203 D.P.N.; heat-affected zone, 135 D.P.N.; 
parent plate 110 D.P.N. 

After sufficient experience had been gained with the 
welding plant and process, a very high weld quality has 
been maintained on a production basis, at welding 
speeds of 40-50 in./min, with only slight adjustment 
of the head during welding. 

Typical macrographs of a weld section taken from 
a side-member are shown in Fig. 9, which illustrates 
the maximum and the normal weld build-up. A heavy 
weld deposit is preferred on production members, as 
a 100°, joint fit-up is not always possible; small 
allowances can thus be tolerated without any reduction 
in the weld quality or strength of the welded joint. 

Micrographs of a weld section made with the CO, 
process shew a typical columnar type crystal structure. 

The side-member shown in Fig. 2 was a typical 
member taken from a batch welded under normal 
production conditions. This member was later tested 
to destruction. Six test pieces were taken from the 
side-member and subjected to mechanical test; the 
remaining parts of the side-member were put under a 
700-ton press and various loads were applied, one part 
being completely and the other parts partly com- 
pressed (see Fig. 10). No failure of welds was shown on 
any of the seams subjected to these severe tests. 


ADVANTAGES OF PROCESS 

The advantages accruing from the new method of 
construction may be summarized as follows. 

There is a considerable material saving; the material 
required to produce a pair of side-members by the old 
and by the new methods is 119 lb and 98 Ib, respec- 
tively, giving a saving of 21 Ib per chassis. 

Further, the number of large mechanical press 
blows required is reduced considerably, with a cor- 
responding saving in labour. Thus, for the production 
of 1000 side-members, the old method required 4000 
heavy blows each for the blank, press, and clip 
operations, making a total of 12,000 blows per 1000 
side-members. For the new method, the production of 
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1000 side-members requires 2000 blows for each of 
the four operations listed in Table I, giving a total of 
6000 heavy and 2000 light press blows. 

The weld in the new method is more efficient, being 
close to the neutral axis of the member, and welds of 
very high quality are easily obtained under high 
quantity production conditions. Both welds can be 
made simultaneously at higher speeds than were pre- 
viously obtainable, so making more economical use of 
shop floor space. The welding machine is simple in 
construction and is easily maintained. 

The blanking and pressing tools are of simple 
design, lighter in weight and cheaper to make; 
consequently they can be made available for produc- 
tion more quickly. 


SUMMARY AND CONCLUSIONS 


The method of constructing and welding this side- 
member represents a complete departure from 
established practice, and it is an excellent example of 
what can be achieved by co-operation between com- 
ponent designers and manufacturers on the one hand, 
and the makers of proprietary equipment on the other. 

Its various merits are derived from the use of an 
up-to-date welding process coupled with method study, 
industrial ‘know-how’, and above all the courage to 
try something new. 

The welding machine described was designed and 
manufactured by the author’s company, and is now in 
regular use. It is capable of further development, as 
experience gained in its use shows that the CO, 
process lends itself to automatic or remote control as 
readily as any other automatic welding process; after 
practice, the operators can now feed side-members 
continuously through the machine without stopping 
until weld spatter has to be removed from the gas 
nozzles. Three excellent features of the CO, process 
are: the complete absence of weld spatter on the com- 
ponent, together with the ability to tolerate reasonable 
gaps and irregularities at the weld joint without loss of 
efficiency, and the ability to produce a really good 
standing fillet weld in the 3 o’clock position on material 
only 0-08 in. thick. There are numerous applications 
in the engineering trades for box-type members or for 
two opposite welds, and this paper shows a successful 
if unusual method of tackling these problems. 
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Developments in the Inert-Gas Tungsten-Arc 


Fusion Spotwelding Process 


By F. W. Copleston, C.Inst.W., and L. 


is comparatively little used in Britain, although 

interest in its advantages has recently been 
stimulated by its use in the aircraft industry. Joints of 
the highest quality and consistency are achieved and, 
in contrast to the resistance welding process, the 
ability to make joints from one side only gives wide 
cope to the designer. 

Much of the preliminary work on development has 
been described by Steer and Copleston.! The present 
saper therefore discusses some of the earlier work in 

iter detail and includes development work on 
naterials other than stainless steel. 


T: INERT-GAS tungsten-arc spotwelding process 


ADVANTAGES OF THE PROCESS 
Th 


There are two distinct features of the process that 
ake it attractive: economic and practical. 


Economically, the process provides: 


Low initial capital cost, as compared with resistance welding 
equipment of equivalent material gauge capacity. The basic 
power source is a standard argon-arc d.c. rectifier. 
Semi-skilled operation. The process is semi-automatic, and 
I only occasional changing and re-setting of the 
tungsten electrode 


equires 
Simple jigging. Access to the weld face is required on one side 


Good surface finish. Where good surface finish is important 
the welding conditions can be controlled to reduce the amount 
bsequent grinding and polishing. Costs are thus reduced. 


Portability. The equipment can be made portable, thus 
tating welding in situ on jigged structures 


Practically, the process provides: 
Consistency of shear values comparable with those given by 
stance welds 


Strength. The shear values obtained can compare with those 

f spots made by resistance welding, although the weld dia. 
will be smaller and the shear values correspondingly lower 
(Table I) 


EQUIPMENT DEVELOPMENT AND CRATER 
FILLING 


The equipment used for the tests to be described 
was a standard ACR-~-150 d.c. rectifier power source, 
modified to increase the maximum current output to 
200 amp. 

A standard system of current control, which has 
been outlined by Waller,* was used throughout the 





*M. Wa tter, B.W.J., this issue, p. 407. 
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SYNOPSIS 
Tne paper describes the recent development of the inert-gas 
tungsten-ar¢ spotwelding process with particular reference to 
the welding of three common grades of mild steel. A review 
of the tec hniques developed for spotw elding stainless steel and 
its use for welding mild steel, titanium, and other materials 
are discussed. Some practical applications of the process are 


illustrated and future developments indicated. 


work described. The equipment available earlier was 
either a d.c. generator or an a.c. transformer together 
with a weld timer, which controlled the arc by means 
of a high-speed contactor. The sudden extinction of 
the arc resulted in a rapid cooling of the molten weld 
metal with a crater forming at the surface. Cracks 
frequently formed in these craters. The introduction of 
the current control system, which progressively 





1—Cross section of typical spotweld in stainless steel 


reduces the current, retards the cooling of the molten 
weld metal and gives a structure free from a crater, as 
typified by Fig. 1. Cracks are also eliminated in a 
number of materials, e.g., stainless steels in the 18/8 
group, some mild steels, and titanium. Spotwelds 
made in high nickel-bearing materials and certain mild 
steels similar to $.3 (Table II) show cracks in the 
solidified slug. 


Paper to be presented at the Autumn Meeting in London. 
Manuscript received 2nd July, 1958. 
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Table I 


Comparison of strengths of resistance welds and tungsten-arc 
spotwelds in mild and stainless steels 





Stainless steel 








Sheet Resistance welds* Tungsten-arc spotwelds 
thickness Min. nugget Failing load Average Failing load 
S.W.g. dia., in. lb/spot spot dia., lb/spot 

in. 
24 0-119 545 0-109 440 
22 0-150 870 0-130 690 
20 0-178 1225 0-148 1075 
18 0-200 1545 0-172 1325 
16 0-219 1855 0-188 1930 
Mild Steel 
Min. failing load, Average failing load, 
lb spot lb spot 

No backing Backing 

S.3 S.84 $.3 S.84 
20 755 897 623 1214 907 
18 935 952 733 1347 1241 
16 1120 1278 785 1623 1570 

Table I 
Compositions of mild steel used for tests 
Specification Analysis, 
Cc Si Mn Ni 

$.3 0:20-0:25 0-30 0-60 0-30 
S.84 0-12 0-20 0-50 0-30 
DTD 124a 0:18-0:26 0-30 1-35-1-75 0-40 





When considering the ideal form of tungsten-arc 
spotwelds between sheets of similar gauge, account 
should be taken of the conventional visual require- 
ments; for example, complete penetration and 
absence of surface undercut. 

No satisfactory explanation has yet been found for 
the apparent increase in the volume of the weld metal, 
but it would seem to be due, to some extent, to a 
change in the overall dimensions of the component 
brought about by the stress system created by the 
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2—Effect of crater filling cycle on consistency of welds in 
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heating and cooling cycles. It is possible that the final 
contour of the weld surface may be affected by forces 
generated by the arc itself. 

The effect of introducing a crater filling cycle when 
welding 16 s.w.g. S.3 is shown in Fig. 2, and the over- 
all consistency of the process is best illustrated by the 
results of consistency tests carried out on 100 samples 
of three gauges of stainless steel, Fig. 3. 


OPERATING CONDITIONS 

The quality and consistency of spotwelds depends 
mainly on the three variables: current, time, and arc 
length, although electrode form, shield design and 
gas flow have an important but secondary influence. 
Typical conditions used during this work are detailed 
in Table III. Apart from welding conditions, the quality 
is also dependent on the correct preparation of the 
materials to be welded. Inherent oxide on the surfaces 
must be removed, and care should be taken to ensure 
good contact between the mating surfaces. The ideal 
method is to degrease the components and to linish 
the surfaces to remove scale. Such careful preparation 
is not always needed for resistance welding but the 
other advantages of the tungsten-arc process are likely 
to out-weigh the additional cost involved. 


Current and time 


Previous work on stainless steel has shown that the 
variation of current and time gave adequate control of 
the penetration into or through the lower sheet, and 
thus a direct control of shear value. The increase in 
shear strength with increase in current and time for 
16 s.w.g. stainless steel is shown in Fig. 4. 

Although these tests were carried out on stainless 
steel it has been found that the principle applies to all 
materials that can be welded by this process. 

There is a practical limit to the shear value ob- 
tained when welding similar gauges by increasing 
either current or time, since the amount of penetration 
that can be accepted may prevent further increase in 
strength unless backing can be provided. Also, as the 
penetration increases the greater will be the loss of 
surface finish on the welds, which will eventually show 
considerable radial undercut. 

Arc length 

The effect of arc length on penetration in tungsten- 

arc welding is well known. In the spotwelding process, 
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4—Relationship between current, time, and shear strength for 
18 8 Nb stainless steel 


Table Ul 


Typical welding conditions for tungsten-arc spotwelding 
(unbacked welds) 





Current, Time, sec irc 
amp Weld Crater Total length, 
in 
Stainless steel 
180 1-0 1-3 2:3 0-035 
135 1-0 1:3 2:3 0-035 
20 RS 0-5 1-3 1-8 0-035 
22? 65 0-3 1-0 1-3 0-025 
24 50 0-3 0-7 1-0 0-025 
Nlild steel 
16 150 1-0 1-5 ya 0-045 
18 110 0-5 1-5 2-0 0-035 
20 90 0-5 1-3 1-8 0-035 
Titanium 
16 180 2:5 1-3 8 0-035 
18 140 1-5 1-3 2-8 0-035 
20 90 0-5 1-3 1-8 0-035 





however, the arc length must be chosen, in combina- 
tion with the other welding conditions, to give the 
maximum shear strength for a given degree of pene- 
tration. The recommended arc lengths quoted in 
lable II] have been determined by a series of 200 test 
welds (Fig. 5). In these tests the current and time 
values were constant and the penetration was con- 
trolled to give fusion through the thickness of the 
lower plate without melting through. 

The shortest practical are length was found to be 
0-025 in. owing to the rise of the surface of the weld 
metal during the crater filling cycle. The results ob- 
tained on stainless steel have been found to apply 
equally to other materials. 


Electrode shape 

In this process it is essential that the largest number 
of welds can be made without the need for regrinding 
or resetting the electrode. At the same time considera- 
tion must be given to the effect of electrode shape on 
the dimensions of the weld pool. In general there are 
two basic forms of electrode tip: tapered and hemi- 
spherical. The degree of taper produced on an electrode 


will govern to some extent the degree of penetration 
and the amount of erosion that will take place. Four 
different electrode preparations were used in a series 
of tests designed to indicate the most suitable shape: 


i—Tapered to a point over a length equal to three diameters 
B—Tapered to a point over a length equal to half a diameter 
C—Hemispherical end. (This shape was formed using an 
a.c. arc.) 
D—As for A but truncated at a distance of two diameters 
from the change in section 
Electrodes containing a nominal 2°, of thoria were 
used throughout the tests, as other work had shown 
that they had superior qualities to those containing 
smaller amounts of thoria or zirconia. The maximum 
permissible current for each electrode was used to 
obtain a higher duty cycle, but care was taken not to 
over-run the electrode, for this would have resulted in 
excessive loss of electrode form and a consequent 


change in arc length. The test welds, 


in } in. thick stainless steel, were 


tioned to allow measurements to 
diameter of the fused zone and the 
tion (Fig. 6). For all specimens the 


which were made 
subsequently sec- 
be made of the 
depth of penetra- 
depth of penetra- 


tion (Fig. 7) showed the expected increase with in- 
creasing current at a constant arc length. At each 
current setting, electrode shape A gave deeper pene- 
tration than the others although there was little 
difference between the results obtained with shapes A 


and B. A similar trend was observed in the effect of 


current and shape on the diameter of the spotwelds 
(Fig. 8). An exception was provided by shape D, 
which appeared to produce wide welds with shallow 
penetration. 

A metallurgical examination of the welds showed 
that the various electrode shapes appeared to have no 
effect on the structure of the welds. An electrode 
which loses its shape, however, will create an un- 
stable arc, thus producing a weld with an irregular 





1800 . ps p 
i 16 Swq : 
1400F 4 
° 
a 4 4 
<n were 
2 — ‘18 SW 
1000 =i ; 
Ww . 
any : _ 
< ~— 90s oe ~e, 1 
> aie SR: 
< 600} wy ‘ 
< 00 “+. 22 swig 
wW i, 
x he 
v7) . ie , 
200} ee 











0.025. 0035 0045. 0055 0065 
ARC LENGTH, in 
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surface contour compared with that made by a stable 
are. 

Although shape A produced the best results, it 
suffered more erosion than shape B and the latter was 
adopted for the remainder of the work. 


Gas flow and shield design 
The effect of gas flow on quality was assessed by 
variations in the flow to the torch and by alterations 


to the bore and design of the gas shield. Gas flows of 


5—6 cu.ft/hr were found to be sufficient to prevent the 
formation of an oxide film over the surface of stainless 
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150 amp 175 amp 


6— Effect of electrode form on penetration at various currents 


steel welds. Although a few shields were designed to 
vary the amount of chill applied to the metal surface, 
the results were conflicting and indicated that this 
feature has little effect on the quality of mild or 
stainless steels. 

The bore of the shield appeared to be more effective 
in increasing the depth of penetration, though there 
were practical limitations with very narrow bores 
owing to the tendency of the arc to track to the side of 
the shield and so prevent good arc initiation. 
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Table IV 


Shear strength of welds between dissimilar thicknesses of mild 
steel 





hicknesses joined Failing load, lb spot for material 
S.3 S.84 
g.to 7 in 1651 1437 
y.g. to } it 1402 1341 
v.g. to } 1318 1007 





Backing 

Although backing the weld may appear to detract 
rom the ‘one-side’ feature of the process it enables 
higher currents and longer times to be used, so leading 
to an increase in shear strength. Backing also facilitates 
control of penetration and therefore of surface finish. 

[he use of a simple copper backing bar should not 
place an undue penalty on the design of a component 
that would otherwise have to allow access for resist- 


ance welding electrodes, or permit the insertion of 


rivets or bolts. The results in Table I clearly indicate 
the marked increase in strength of spots in mild steel 
when backing is used. Further evidence is given in 
Figs. 9 and 10. Similar results are obtained when 
welding stainless steel 


WELDING OF DISSIMILAR THICKNESSES 

The advantages of backing are gained in the welding 
of thin gauge material to plate, where the thicker of the 
two components provides adequate backing. The 
results of shear tests on spotwelded joints between 
various gauges of S.3 and S.84 sheet and } in. thick 
mild steel are given in Table IV. Values were slightly 
higher than those obtained from the use of a copper 
backing bar, and the combined strength of the twin 
spots was greater than the tensile strength of the sheet, 
so that failure generally occurred away from the joints. 

An interesting application of this form of joint is 
shown in Fig. 11 where a 16 s.w.g. stainless steel has 
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10—Cross sections of typical welds in mild steel; (op) with back- 
ing; (bottom) without backing 


11—16 s.w.g. stainless steel sheet spotwelded to j-in. thick mild 
Steel 





been attached to a { in. thick mild steel plate. In a 
rupture test on a specimen with welds at 1} in. pitch 
the first spot lifted at a stress of 1000 Ib/sq.in. This 
method of cladding could be of particular value for 
the lining of mild steel tanks on site. 

With existing equipment, the maximum thickness 
for the top sheet is 16 s.w.g. Work to date has indi- 
cated that when the difference in thickness is greater 
than two gauges, it is difficult to obtain consistent 
fusion and penetration where the top sheet is thicker 
than the bottom. 

APPLICATIONS OF THE PROCESS 

Development of the process has been concerned 
with the various commercial applications where it 
could show considerable economic savings. Burnard® 
has described its use for structural purposes where full 
advantage has been taken of the high-strength joints 
obtainable, coupled with the design advantages that 
can be achieved by welding in relatively ‘blind’ 
structures. 

The use of the process is not limited to the produc- 
tion of finished components. In the gas-turbine 
industry tungsten-arc spotwelding is being used to tack 
components before they are resistance seam or stitch 
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welded. This facilitates manipulation and assists in 
the accurate alignment of component parts. At the 
same time it obviates the need for complex location 
jigs which must accommodate the conventional 
resistance welding electrode tongs. 

The only problem which is restricting the applica- 
tion of the process to other materials, such as the 
Nimonic alloys and heat-resisting steels, is the inci- 
dence of cracking in the weld nugget. 

Several types of torch have been developed to take 
full advantage of the need for only limited access both 
above and below the weld. Two examples, for use 
inside components remote from the operator, are 
shown in Fig. 12. The twin-head torch was designed to 
operate 5 ft. inside a jet tube, where the spots were 


| 









12—Two forms of remote access torch 


replacing conventional rivets. It should be possible to 
incorporate such simple torch heads into jigs, where 
the components could be welded automatically. 
Titanium 

The prevention of weld metal contamination is one 
of the major problems in the spotwelding of commerc- 
ially pure titanium. Thorough cleaning of the metal 
surfaces before welding is essential. The work on 
titanium has indicated that the cleaning techniques 
normally employed in tungsten-arc welding this 
material are also satisfactory for spotwelding. 

The chill effect of the shield is important, for the 
high conductivity of the material produces a weld with 
a surface diameter greater in relation to the penetra- 
tion than in stainless or mild steels. Heavy surface 
chill can retard the spread of the molten pool but care 


13—Cross sections of typical spotwelds in commercially pure 
titanium: (a) (top) adequate penetration; (5) (bottom) insuffi- 
cient penetration 


has to be taken to ensure good contact with the work- 
piece to prevent surface oxidation. 

These precautions, however, do not prevent the 
contamination of the underside of the joint. For this 
reason it is necessary to provide argon protection of 
the heat-affected areas. Spotwelds in 20 s.w.g. com- 
mercially pure titanium using argon backing and the 
conditions recommended in Table III have given shear 
strengths of about 1140 Ilb/spot (Fig. 13a), whilst 
values up to 2160 lb/spot have been obtained with 
16 s.w.g. sheet. Attempts to control the penetration 
have failed to produce satisfactory welds. Figure 136 
shows a typical weld made under these conditions 
which failed at 180 lb/spot. It would appear therefore 
that, to obtain satisfactory spotwelds in similar 
gauges of titanium, it is necessary to penetrate the 
lower sheet fully and to use argon backing to prevent 
contamination of the weld metal. 


CONCLUSIONS 

The results of a number of tests on spotwelds made 
by the tungsten-are process have shown that joints of 
adequate strength and quality can be produced in m‘Id 
and stainless steels and in commercially pure titanium. 
At present, it does not seem possible to produce crack- 
free welds in materials that are naturally subject to hot 
cracking, such as the Nimonic alloys, heat-resisting 
steels, and certain medium-carbon steels. 

Future developments on the weldable steels will be 
concentrated on the application of the process to 
specific types of structure, whilst continuing the in- 
vestigation into the process as a whole. 
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Table IV 


Shear strength of welds between dissimilar thicknesses of mild 
steel 








Thick ne ir Failing load, lb spot for material 
$.3 8.84 

| 5 g. to 7 in 1651 1437 

! w.g. to 4 in 1402 1341 

20 s.w.g. to } in 1318 1007 

Backing 


Although backing the weld may appear to detract 
from the ‘one-side’ feature of the process it enables 
higher currents and longer times to be used, so leading 
to an increase in shear strength. Backing also facilitates 
control of penetration and therefore of surface finish. 

The use of a simple copper backing bar should not 
place an undue penalty on the design of a component 
that would otherwise have to allow access for resist- 


ance welding electrodes, or permit the insertion of 


rivets or bolts. The results in Table I clearly indicate 
the marked increase in strength of spots in mild steel 
when backing is used. Further evidence is given in 
Figs. 9 and 10. Similar results are obtained when 
welding stainless steel 


WELDING OF DISSIMILAR THICKNESSES 

The advantages of backing are gained in the welding 
of thin gauge material to plate, where the thicker of the 
two components provides adequate backing. The 
results of shear tests on spotwelded joints between 
various gauges of $.3 and S.84 sheet and } in. thick 
mild steel are given in Table IV. Values were slightly 
higher than those obtained from the use of a copper 
backing bar, and the combined strength of the twin 
spots was greater than the tensile strength of the sheet, 
so that failure generally occurred away from the joints. 

An interesting application of this form of joint is 
shown in Fig. 11 where a 16 s.w.g. stainless steel has 
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10—Cross sections of typical welds in mild steel; (sop) with back- 
ing; (bottom) without backing 


11—16 s.w.g. stainless steel sheet spotwelded to j-in. thick mild 
steel 





been attached to a { in. thick mild steel plate. In a 
rupture test on a specimen with welds at I} in. pitch 
the first spot lifted at a stress of 1000 Ib/sq.in. This 
method of cladding could be of particular value for 
the lining of mild steel tanks on site. 

With existing equipment, the maximum thickness 
for the top sheet is 16 s.w.g. Work to date has indi- 
cated that when the difference in thickness is greater 
than two gauges, it is difficult to obtain consistent 
fusion and penetration where the top sheet is thicker 
than the bottom. 


APPLICATIONS OF THE PROCESS 

Development of the process has been concerned 
with the various commercial applications where it 
could show considerable economic savings. Burnard*® 
has described its use for structural purposes where full 
advantage has been taken of the high-strength joints 
obtainable, coupled with the design advantages that 
can be achieved by welding in relatively ‘blind’ 
structures. 

The use of the process is not limited to the produc- 
tion of finished components. In the gas-turbine 
industry tungsten-are spotwelding is being used to tack 
components before they are resistance seam or stitch 
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welded. This facilitates manipulation and assists in 
the accurate alignment of component parts. At the 
Same time it obviates the need for complex location 
jigs which must accommodate the conventional 
resistance welding electrode tongs. 

The only problem which is restricting the applica- 
tion of the process to other materials, such as the 
Nimonic alloys and heat-resisting steels, is the inci- 
dence of cracking in the weld nugget. 

Several types of torch have been developed to take 
full advantage of the need for only limited access both 
above and below the weld. Two examples, for use 
inside components remote from the operator, are 
shown in Fig. 12. The twin-head torch was designed to 
operate 5 ft. inside a jet tube, where the spots were 
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12—-Two forms of remote access torch 


replacing conventional rivets. It should be possible to 
incorporate such simple torch heads into jigs, where 
the components could be welded automatically. 
Titanium 

The prevention of weld metal contamination is one 
of the major problems in the spotwelding of commerc- 
ially pure titanium. Thorough cleaning of the metal 
surfaces before weiding is essential. The work on 
titanium has indicated that the cleaning techniqves 
normally employed in tungsten-arc welding this 
material are also satisfactory for spotwelding. 

The chill effect of the shield is important, for the 
high conductivity of the material produces a weld with 
a surface diameter greater in relation to the penetra- 
tion than in stainless or mild steels. Heavy surface 
chill can retard the spread of the molten pool but care 








13—Cross sections of typical spotwelds in commercially pure 
titanium: (a) (top) adequate penetration; (5) (boftom) insuffi- 
cient penetration 


has to be taken to ensure good contact with the work- 
piece to prevent surface oxidation. 

These precautions, however, do not prevent the 
contamination of the underside of the joint. For this 
reason it is necessary to provide argon protection of 
the heat-affected areas. Spotwelds in 20 s.w.g. com- 
mercially pure titanium using argon backing and the 
conditions recommended in Table III have given shear 
strengths of about 1140 Ib/spot (Fig. 13a), whilst 
values up to 2160 lb/spot have been obtained with 
16 s.w.g. sheet. Attempts to control the penetration 
have failed to produce satisfactory welds. Figure 135 
shows a typical weld made under these conditions 
which failed at 180 lb/spot. It would appear therefore 
that, to obtain satisfactory spotwelds in similar 
gauges of titanium, it is necessary to penetrate the 
lower sheet fully and to use argon backing to prevent 
contamination of the weld metal. 


CONCLUSIONS 

The results of a number of tests on spotwelds made 
by the tungsten-arc process have shown that joints of 
adequate strength and quality can be produced in mild 
and stainless steels and in commercially pure titanium. 
At present, it does not seem possible to produce crack- 
free welds in materials that are naturally subject to hot 
cracking, such as the Nimonic alloys, heat-resisting 
steels, and certain medium-carbon steels. 

Future developments on the weldable steels will be 
concentrated on the application of the process to 
specific types of structure, whilst continuing the in- 
vestigation into the process as a whole. 
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Flame Cutting and 
Jigging tor a Nuclear 
Power Station 


By J. W. Gethin, C.Inst.W. 


ONSIDERABLE development and research has to be 
( undertaken in regard to the flame cutting and 
jigging of the large formed plates used in the 
construction of the pressure 
changers for nuclear power plant 
The design of these vessels is at present divided into 
two categories: (a) the sphere, and (4) the cylindrical 
essel with either hemispherical or semi-ellipsoidal 
snds. For both types of design, these vessels have to be 
fabricated plates-mall and in rings, each ring being 
made up of large dished or rolled plates conforming to 
the given contour. The design of weld preparations 
requires a high standard of accuracy, while allowing 
the welder easy access and maneouvrability, and at the 
same time ensuring that certain conditions are main- 
ined 
The progress of flame cutting and jigging under- 
taken in the manufacture of the large plates, both for 
the pressure vessels with semi-ellipsoidal ends and for 
heat exchangers, together with other essential require- 
ments, will be discussed in this paper. 


vessels and heat ex- 


REACTOR VESSEI 


The design of a reactor vessel at Berkeley atomic 
power station is shown in Fig. 1. This entails the 
building of two large semi-ellipsoidal dished ends, of 
50 ft inside diameter, 3 in. thick, of crown dishing 
radius 3] ft 94 in. and a corner dishing radius of 
11 ft 0 in. Each end is constructed of four rings of large 
formed plates and one closing plate at the centre, each 
ring being sub-divided into segment or petal plates to 
facilitate easy handling. The make-up of plates in each 
ring is as follows: 


Ring | | closing plate 
Ring 2— 6 plates round 
Ring 3—10 plates round 
Ring 4—22 plates round 
Ring 5—24 plates round 


Total number of plates, 63. 


The body of the vessel is made up of five rings of 
plates rolled to 50 ft inside diameter, each layer being 
8 plates round. 

Two different dies are required to press the plates 
making up the ends; rings |, 2, 3, and 4 are dished to 
the crown radius, and ring 5, known as the knuckle or 
corner plates, to the corner radius. This in turn meant 
two separate methods of cutting and jigging. The 
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THE design of reactor pressure vessels and heat 


exchangers used in the construction of nuclear 


power stations calls tor the fabrication of very 
large vessels, work which has only recently been 
industry 


undertaken by the _ pressure-vessel 


Playing a very important role in this work is the 
jigging 


requirements which are essential to ensure a high 


fame cutting equipment, and also the 
standard of accuracy of fabrication. In this paper 
the author discusses the essentials of these re 
quirements for shop and site fabrication, with 
partic ular reference to the reactor at Berkeley 


nuclear pow er station 
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1—Design of pressure vessel, showing make-up of plates 


weight of the formed plates 1s about three tons, so that 
ease and access of manipulation had to be fairly 
flexible. 
Knuckle plates 

The design of the jigs for cutting the knuckle plates 


shown in Fig. 2 allowed for a standard straight-line 
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GETHIN: FLAME CUTTING 


cutting machine to run on two 6x3 in. R.S.J.’s, 


machined on the flanges and set to the inside surface of 


the plate. As four edges of the plate had to be pre- 
pared, i.e., the radial and the circumferential joints, 
this entailed the use of two separate jigs. 

Jig for Radial Joint Preparation—For the radial 
joints (see Fig. 3), the two machined R.S.J.’s were 
rolled to a mean radius of 10 ft 10} in. along the ‘YY’ 
axis. To allow for the flat portion of the joint, i.e., the 
distance between the tangent line and the edge of the 


plate, the R.S.J.’s were straightened for a distance of 


1 ft 9 in.; this also allowed for the ‘run-off’ of the 
cutting machine. Calculation ensured that the angular 
displacement between the R.S.J. and the plate was 
correct, and that the cut would be made true to the 
dishing of the plate. The joists were then laid on the 
inside surface, aligned relative to the plate, and held in 
position, and cross-members were cut and welded to 
the joists to give maximum rigidity. The jig was now 
correctly aligned for positioning on the plate; to allow 
it to be held to the plate four pads with gussets were 
positioned and welded, one at each end of the joists. 
G-clamps were used to hold the jig to the plate. 

For setting the true position of the jig for cutting, a 
line was marked off across the inside of the plate along 





2—Knuckle plates pressed and checked before cutting 





3—Jig used in cutting preparation of radial joints of knuckle 
plates 
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the tangent line, where the flat joins the dished portion 
and the jig was lowered and set to this line by means of 
two setting screws, which were centred through mild- 
steel blocks attached to the joists immediately behind 
the clamping gussets. A further two setting screws were 
positioned at the opposite end, and by adjustment of 
these the correct contour and height of the plate to jig 
could be achieved. 

The jig now set, the point of cut for the correspond- 
ing angle of bevel was determined by the use of the 
template shown in Fig. 4. All calculations were based 
on the outer edge of the joist, the centre of the seam 
being 6 in. away from this edge; factors also taken into 
consideration when making these calculations were 
the weld shrinkage and weld gap. 

Cutting Radial Joint Preparation—lt is essential in 
this work that the plate and jig are manipulated so that 
the cutting machine is as horizontal as possible, slight 
tilt either way being compensated by the motor on the 
machine. The plate was therefore positioned in the 
shops on the flanges of two 18 x 12 in. R.S.J.’s, under 
an air hoist, which gave about 4 ft lift. At each end of 
the plate, lifting lugs were positioned for use with the 
hoist. 

By the use of the air hoist and the lugs the plate was 
positioned until the cutter was horizontal. The cutting 
operation was started, and as the machine tended to 
climb the plate was lowered under its weight until the 
centre of the plate was reached; the operation was then 
repeated to finish the cut, using the opposite lifting 
lugs. To enable perfect cuts to be made, a floating 
head mechanism was used. 

Circumferential Joint Preparations—The develop- 
ment of the jig (Fig. 5) for use on the circumferential 





ll ft rad. 


Position of 
cutting points 





4—Template for marking cutting point on radial joints of knuckle 
plates 





5—Jig used in cutting preparation of circumferential joints of 
knuckle plates 
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7—Ball joint designed to give displacement in any plane 











¢ of joist 





6—Template for marking cutting point on circumferential seams 
of knuckle plates 


preparation followed much the same lines. Calcula- 
tions to determine the position and height of the joist 
to cut the joint preparation between rings 4 and 5 
were made to allow this to be cut in a straight line, for 
the dishing of the plate makes this joint curved in all 
but one position, so that it was essential that this be 
found, since the track could not be rolled against the 
‘XX’ axis. Once this position had been found, the 
joists (previously machined) were rolled to mean radii 
of 24 ft 104 in. to cater for the 50 ft 0 in. inside dia. and 
21 ft 4% in. to cater for the diameter at rings 4 and 5. 

Fabrication of the jig was carried out on the same 
lines as in the previous case; the joists were positioned 
correctly and clamped, and bracings were welded to 
produce a rigid frame. To allow for any adjustment 
required on setting the correct height of the jig at the 
21 ft 42 in. radius, jackscrews were fitted to the under- 
side of this track and fabricated pads allowed for the 
clamping of the jig to the plates. 

The sequence for cutting was as before: the jig 
placed on the inner surface of the plate with the 
24 ft 104 in. radius joist positioned on the tangent line, 
the jig lowered to the jackscrews and clamped, and the 
assembly placed on the large R.S.J.’s, and by use of 
the air hoist and lifting lugs raised until the tracks 
were truly horizontal. By the use of a further set of 
templates (Fig. 6), the positions of the cuts on the 
inner surface were marked, the appropriate angle of 
bevel was set on the cutting head, and the operation 
commenced. Floating heads were used in this set-up. 


Crown petal plates 

The plates, as pressed, for this section of the dome 
end do not present the same difficulties as the knuckle 
plates, since they are pressed to one dishing radius 
only. 

Once again, ease of handling had to be considered, 
along with adequate craneage to lift the plates. Con- 
sideration was also given to cutting the formed petal 
plates which would form the hemispherical ends of the 
heat exchangers. 

The design of the cutting head and handling equip- 
ment proceeded with this thought in mind, and the 
‘pendulum cutter’ came into service. The main prin- 
ciples of this machine are as follows: 

(i) A pendulum arm to swing at a given radius, at the end of 
which is situated the cutting head. This arm to be de- 
tachable to allow smaller radii to be cut, i.e., the heat 
exchanger petal plates and any future plates of smaller 
dishing radius 

(ii) The arm to rotate through 360°, to allow all four sides 
to be cut at one setting 





BRITISH WELDING JOURNAL, SEPTEMBER 1958 





(iii) Attached to the cutting head, a magnetic roller system to 
run off a template attached to the inner surface of the 
plate 

(iv) A means of positioning the plate under the pendulum, 
with adjustment, to give correct alignment of the tem- 
plate to the magnet rollers 


The pendulum arm is manufactured of Dural tube 
and made up of sections, being flanged and bolted to 
allow easy dismantling when cutting at a smaller 
radius. To give rotation in any plane at any given 


oo a 


PENDULUM 
ARM 











VARIABLE 
SPEED 
MOTOR 







MAGNETIC 
“se Rs 


STRAIGHT LINE CUTTER 
AND SLIDE 


/ 
8— Details of cutting head 
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9—Crown plates prepared on bogie, 
finishing plates 


showing starting and 


radius, a ball joint was designed, and is shown in 
Fig. This is relatively simple in design, and com- 
prises four plummer blocks, two of these being 
attached to the main frame and two to the supporting 
arm. This joint was in turn housed on a cantilever from 
a steel structure. 

Figure 8 gives the details of the cutting head. 
Adjustment in both horizontal and vertical planes is by 
means of slides. The burner head is used in the 
horizontal plane, the angle of bevel being adjusted 
through the swivel head. The mounting for this head 
is a fixture off the drive box for the magnetic rolls. 
Tests were carried out to ascertain the pull required to 
traverse the head along the whole length of the 
template, and also the power required to drive the 
motor. It was found necessary to employ two magnetic 
tracer heads, driven from a common sprocket off a 
| h.p. variable-speed motor, with stop/start and 
reversing switch. 

Positioning of the crown plate is by means of a 
power-driven bogie, on top of which is a fabricated 
table. To ensure correct alignment of the template to 
the magnetic rolls, three hydraulic jacks positioned in 
shoes are placed at the ends of the plate, two at one 
end and one at the other, giving three-point suspen- 
sion (see Fig. 9). 

Templates for all plates were pressed in 4% in. mild- 
steel plate under the same dies as used for the 3 in. 


























10—Template for marking cutting point on crown plates 
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11—Clamps for positioning of dome and body plates 


thick plate to be cut. They were positioned by spacers 
at 6 in. above the inner surface of the plate. The dis- 
crepancy of dishing radius between plate and template 
was considered negligible, the prime consideration 
being to ensure that the edge of the template gives the 
correct size. Calculations were made to determine the 
size of the template to the.centre of the joint. From this 
centre a template (Fig. 10) was used to determine the 
point of cutting for the nozzle. The templates were cut 
using a flexible track and straight-line cutting machine, 
and the edges were then dressed to give correct angle 
for the cut on the 3 in. thick plate. 

To ensure that the cut at each corner of the plate was 
true and square, starting and finishing plates were 
attached to the templates. 

Acetylene was used as fuel gas on all plants in the 
preparation of these plates. 

The next step considered essential was the erection 
of the 63 plates of the ends as a check for fit-up, 
especially the tolerance allowed on welding gaps. The 
first dome was erected in an inverted position, and not 
the position it was finally to occupy. 

To prepare for this, a steel structure was erected in 
the shops. To position the knuckle plates, cast-iron 
shoes formed to the corner dishing radius were erected 
and set horizontally on concrete blocks in the shop 
floor to the given diameter of 50 ft. From these shoes, 
the steel framework was erected and the theoretical 
centre-line of the vessel was marked. The first knuckle 
plate was then offered up to the shoe, positioned to 
correct horizontal and vertical measurements at the 
four corners and centre and held. This procedure was 
repeated until the 24 plates were in position, each 
proceeding plate being held by the clamps shown in 
Fig. 11. 

Next the crown plates were offered to the knuckles, 
using the same sequence of erection, until the whole 
dome was complete. 


Erection on site of semi-ellipsoidal end 

The check carried out on the full assembly of the 
dome proved that weld gaps and tolerances were 
within the limits specified. 
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13—Cutting machine for preparation of CO, inlets 





12—-Dome end being moved from adjacent site 


Erection and fabrication of the first lower dome end 
to proceed away from its permanent site, to 
neering work to continue at the same 


i A 4 vii x 

1e. 7 i vas built on large bogies to enable it 
to be moved later; also, the jigging to hold the plates 
had to be designed so that the vessel could be lifted 
ind the jigging removed speedily. The second lower 


lome end was to be built at its permanent position, 
sing the same supporting structure 
The bogie was fabricated from joist and channel 
sections, and the supporting structure was set to this. 
\ large fabricated bed was positioned over the four 


bogies and from this two rings of steel stanchions, at 
different diameters and lengths, were supported to the 
centre of the bed by brac ings 


On the top of these stanchions were placed ring 
girders to take the dome on plate rings 2 and 4. 
Fabrication commenced at ring 2 and proceeded to the 
knuckle plates, welding taking place in sequence as 
erection of each ring progressed; any adjustment 
necessary during erection was made by the use of 
hydraulic jacks forcing the plate to the required posi- 
tion. 

Arrangements had been made for the moving of the 
end to its permanent site after it was completed (see 
Fig. 12). A Bailey bridge was erected over the founda- 
tions and a rail track laid. On arrival at the site, the 
end was jacked up, the supporting structure and bogie 
were removed, and the end was then lowered on the 
jacks to its correct position. 


Cutting of CO, inlet and outlet openings 

The CO, inlets require openings of 6 ft 6 in. dia- 
meter to be cut in the lower dome. These are set at 
30 ft 0 in. pitch circle diameter marked from the inside 
of the plate, and necessitate cutting holes at about 30 
to the horizontal, the cutting machine operating at this 
angle. 

The machine to cut these openings (see Fig. 13) has 
an aluminium body with three supporting arms. 
Centred through the middle of the body is the main 


shaft, mounted in bearings and driven by a fractional 
horse-power motor with variable speed. A clutch 
mechanism gives free motion, used in the setting of the 
machine. Reduction of the main shaft is by means of 
worm and wormwheel. Attached to the main shaft is 
an aluminium block, housing the arms which carry the 
cutting head and counter-balance weight. Extension 
arms are used to cater for large-diameter openings. 
Horizontal and vertical adjustment of the burner 
assembly is by means of dovetail slides and screws. 
Gas pipes from the mains are connected to a valve box 
positioned from a bracket on the main shaft; these in 
turn connect the outlets on the valve box to metal 
tubes centred through the shaft and connected to 
rubber hose to the cutting head. On rotation of the 
arm the fuel assembly itself rotates, thereby avoiding 
buckling of the fuel pipes. 

To jig the machine to the vessel, a circle is marked 
off on the inside surface of the plate, of greater 
diameter than the hole to be cut, to aliow for the 
passage of the cutting head at the given diameter. 
Small angle feet with supporting brackets are positioned 
at 120° intervals around the marked diameter, and the 
machine is placed on these brackets. Rigidity is 
achieved by the use of screw threads at the end of 
each arm. 

The CO, outlets are positioned in the fifth ring of 
body plates and set at 90° to the plate. Cutting of the 
preparation is carried out using a standard circle 
cutting machine pivoting on a radius bar. A false 
centre is used in the cutting of the weld preparations. 


Holes for control and charge tube bosses 

These are situated on the top dome of the pressure 
vessel and are of two different diameters. The weld 
preparation for these bosses calls for a double J. 
Holes to receive these bosses have to be prepared and 
cover the whole surface area of the dome; the angle 
of the plate to the boss varies from 45° to 0°. This 
variation of angle made it necessary to design a mach- 
ine that would cater for a rise and fall, a stroke which 
is not to be found on standard hole-cutting machines 
in present-day use; further, this stroke was to be 
automatic and at the same time give a constant speed 
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for preparation of 
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tube holes at 
angles of 45 —20 





for rotational cutting. The machine must also cater for 
the cutting of a bevel at the edge of the vertical hole, 
with adjustment for variation of angle of bevel during 
rotation. 

Two cutting machines were designed to cater for 
these requirements, one to work in the area of the 
dome where the angle of variation is 0°-20°, and the 
other in the area where the angle varies from 20° to 
45° (see Fig. 14). 

Both machines are mounted on the vessel by the use 
of permanent magnets. Jack screws are centred through 
each magnet to break the field when moving the 
machine. Two aluminium legs and a link mechanism 
support the cross-head on to which is attached the 
drive mechanism. To set the cross-head in the vertical 
position, adjustment is made through the link mech- 
anism and by nuts and spherical washers on the feet. 

The drive mechanism of the 20°-45° machine is 
attached to the cross-head by means of bolts, each 
bolt hole given clearance to enable correct setting to 
centres. The rise and fall on the main shaft carrying 
the radius bar is effected by the use of limit switches 
working in conjunction with a scotch yoke mechan- 
ism. A cam is designed to convert the eccentricity of 
the yoke into linear movement for the rise and fall 
required, the limit switches giving automatic move- 
ment. The main spindle is of a quill type working on a 
rack and pinion, and a variable-speed motor is used. 
Rotation is by worm and wheel direct from the out- 
put shaft of the rotational motor. The radius bar 
carries the quadrant plate to allow for variation of 
angle of scarf from 0° to 45°; it is graduated, and has 
stops to allow the cutting head to be retracked for 
starting of the cut. 

The drive mechanism of the 0°-20° machine is 
attached to the cross-head as in the other machine. 
The rise and fall on the main shaft is by means of a 
swash plate mechanism, the rise and fall set on the 
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Jig for holding of control and charge tube bosses 


machine by altering the angle at which the swash plate 
works. Drive is by means of an air motor through 
worm and wheel, a clutch mechanism being included 
to allow free wheel when setting the machine. 

To set the machines at the required stroke before 
cutting, the radius bars are set at the lowest stroke, 
i.e., at the lowest position on the hole to be cut; they 
are then set to the required rise and fall by adjustment 
of the eccentric pin of the yoke mechanism on the 
20°-45° machine, and by variation of the angle of the 
swash plate on the 0°-20° machine. Graduated scales 
give the stroke in linear measurement on each machine. 


Jigging for bosses 

The jig for the control and charge tube bosses 1s 
shown in Fig. 15, two sizes being made to cater for the 
two different diameters of boss. It consists of a machined 
surface platform carrying three tubular legs set apart 
at 120°, which are adjustable to suit the curvature of 
the top dome of the vessel. 

Welded to the platform are three blocks threaded to 
take an adjusting screw. Set in the base of each leg is a 
ball seat which gives fine adjustment by means of a 
screw thread. Before the jig is set to the dome, three 
ferrules are placed around the prepared hole, and tack 
welded to the corresponding positions of the feet 
The jig is then set to these ferrules, and positioned 
horizontal by adjustment of the legs. A machined 
setting plate, with a centre punch point marked in the 
true centre, is placed on the platform, and by the use 
of the three adjusting screws and the fine adjustment 
on the legs, the jig is positioned truly vertical and 
horizontal by bringing the centre punch mark in line 
with an image from an optical instrument. The 
adjusting pins are then locked. 

While the jig and setting plate are being positioned, 
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an adaptor plate is being set, truly horizontal and 
vertical, to the boss. The setting plate is then removed, 
and the boss and adaptor plate are lowered into its 
place. This ensures that the boss is truly vertical in the 
hole and at the correct height above the edge of the 
plate. The procedure is the same for both diameters of 
boss. 


HEAT EXCHANGERS 
Preparation of hemi-spherical end 

The petal plates for the end of the heat exchanger 
are dished to a 17 ft. 6 in. diameter, with allowance 
made for the forging to be positioned at the top dead 
centre. After pressing, the weld preparation is cut at 
the appropriate bevel using the pendulum cutter 
already described, the radius arm being dismantled to 
give the required 8 ft. 9 in. radius. Tests ensured that 
the motor would drive the pendulum arm along the 
sharp dish of the template, and to assist this a balance 
weight is positioned at the free end of the arm. 

After cutting, the plates are positioned on the jig 
shown in Fig. 16, prior to positional welding. This jig 
consists of a central tubular column carrying a mush- 
room head. At regular intervals around the base of the 
column are horizontal tubular stays, at the end of 


16—Jig for positioning of petal plates of heat exchanger 


each of which is a block with plate clamps attached. 
To support these horizontal stays, a further set is 
braced from the near top of the column and attached 
to them. The mushroom head carries a further set of 
clamps, which are positioned to receive the plates at 
the narrow end. The wide end of the plate is then set 
with the aid of the clamps to the required contour and 
locked in position. Complete rigidity of the end is 
achieved by use of this jig. 

Weld preparations for the top forging and the cir- 
cumferential seam on the diameter are produced using 
a standard cutter on a radius arm. 


Preparation of body plates 

The bodies of the heat exchangers are made up of 
five strakes, each two plates round, the longitudinal 
preparation being made prior to rolling. 
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Before assembling, the half-plates are strapped with 
tie-bars to ensure that rigidity is maintained. 

Circularity must be achieved as far as possible, to 
ensure a good fit of the strakes for circumferential 
weldii.. For this purpose, rings are cut to the inside 
diameter of the vessel and are split into two sections. 
Each section is then bolted together by closing plates. 
Before the assembly of the two plates, pairs of lugs are 
positioned around the inside surface of the vessel, 
spaced apart by a distance equal to the plate thickness. 
On the assembly of the halves, the rings are offered up 
between the lugs and joined by means of the closing 
plates. The appropriate closing plate is removed when 
the longitudinal seam is to be welded automatically. 

After the plates of each strake have been welded 
together the thermal sleeve holes are prepared. No 
special jig is required for this, and all cutting is carried 
out from the inside of the plate. After the centres of 
the holes are marked, the standard hole-cutting mach- 
ine is used (Fig. 17). The circular motion is provided 
through a set speed motor, the drive from the output 
shaft being through a crown wheel and pinion onto a 
shaft, keyed to which is a rubber-tyred friction roller. 
This roller is set to run on a circular table which when 
rotated sets in motion an inner shaft, carrying the 


17— Cutting of thermal sleeve holes 


radius arm with the burner assembly. By alteration of 
the radius of the friction roller assembly, variable 
speeds can be obtained. Vertical adjustment is by 
means of rack and pinion of the outer shaft. 

The next step in the assembly is the preparation of 
the circumferential seams. The vessel is turned with the 
axis vertical, and placed on a machined bed plate; by 
the use of plumb lines it is positioned vertical to the 
block. A machined track is then placed on the rings 
used for ensuring circularity, and is positioned hori- 
zontal and concentrically with the vessel; a standard 
cutting machine is placed on the track, pivoted on a 
radius bar and cutting is commenced. 


Assembly of strakes at site 
The strakes are assembled in sequence on bogies 
designed to give clearance between thermal sleeves. 
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18—Rotators used in welding of heat exchanger circumferential 
seams 


The vessels are assembled with one strake on a drive 
rotator, the others being supported by idler units. A 
special rotator is designed for the assembly of the ends 
to the first strake (Fig. 18). All bracings used in 
assembly during shop production are withdrawn after 
the vessels have been tack welded. 

After the heat exchanger has been welded into one 
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unit the vessel is, after stress relief, ready for erection 
on its base. It is transported to the site by low loader 
and positioned under derricks; by means of a power 
hoist and blocks it is gradually manoeuvred upright 
and secured. 

CONCLUSION 

It can be seen that the demand for gas cutting plant 
and jigging equipment required in the manufacture of 
the nuclear power plant gives rise to many problems. 
Future designs will create further problems in manu- 
facture, and considerable research and development 
will have to be undertaken. 

The accuracy of fit and preparation of welded joints 
require cutting machines which will operate the close 
limits. By mechanical methods the ox,-acetylene flame 
is fast becoming a tool requiring skilled operation, and 
by use of this skill, considerable savings will be made 
to enable the site engineers to progress satisfactorily. 
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Developments in Power Sources for 


Inert-Gas Tungsten-Arc Welding 


By M. Waller, B.Sc., A.M.I.E.E., A.M.Inst. W. 


- 


SYNOPSIS 


Iwo powe r sources, one a.c. and one d.« -_ spec ihc ally designed 


for inert-gas tungsten-arc welding, are described, together 
with certain auxiliaries of a novel type for use with the d.c., 


machine. 


has made it necessary to develop power sources 

specifically designed for this purpose. In partic- 
ular, a need has arisen for attention to the following 
aspects: 


Th increased use of inert-gas tungsten-arc welding 


(i) The provision of a composite set 
(ii) Reduction of a.c. open-circuit voltage 
(iii) Reduction in radio interference of arc-starting devices 
(iv) Improvement of arc initiation 
(v) The provision of auxiliaries for crater filling and spot 
welding 


A 150-amp. d.c. rectifier power source was developed 
with these requirements in mind, particular attention 
being paid to the last. In order to take advantage of 


the surge injector principle, a 350-amp. a.c. power 
source was developed, the prime considerations being 
improved arc initiation at low currents and the 
reduction in radio interference. 


150-AMP. D.C, SET 

Existing d.c. power units of the transformer- 
rectifier type with saturable reactor control, for both 
consumable-electrode inert-gas and metal-arc welding, 
had demonstrated the reliability of the rectifier equip- 
ment and were well established before the development 
of this machine. Most of these sets could be used for 
inert-gas tungsten-arc welding but did not meet all 
requirements, particularly in regard to current range, 
volt/ampere characteristic, arc initiation, and current 
control. 
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Table I 
Specification for power sources 





Item 150-amp d.c. set 3S0-amp a.c. set 
















Supply voltage range 380-440 360-500 















Supply frequency, c's 50 50 
Number of phases 3 l 
Welding current range, amp 10-150 25-350 
Max. cont. hand welding current, amp 115 215 
Open-circuit voltage 70 50 
Maximum rating, kVA 1 17-5 
Continuous rating, kVA 8 10-75 
Power factor, full load 0-6 Lag 0-7 Lag 
Power factor correction Not fitted 180uF capacitor 
Current control Saturable reactor Tapped series choke 
Auxiliaries: Arc starter Optional, built in Built in 
Crater filler Optional, external Not available 
Gas water economizer Optional, external Built in 
Radio Interference: Voltage To B.S. 800 and B.S. 1597 To B.S. 800 
Field strength Above limit (intermittent) Above limit (intermittent) 
Cooling method Forced air Oil, natural 






Weight. Ib 660 1108 








Specification The internal arrangement of components is shown tn 
lhe specification of the d.c. machine (type ‘ACR. Fig. I. ‘ : 
) is shown in Table I. The open-circuit voltage is The circuit diagram is shown in Fig. 2.* A 3-phase 






an that normally used with many welding 50-cycle mains supply ts fed through a triple pole 








fiers: this was raised to the economic limit of the COMtactor to the star-connected primary of transformer 
plates so as to improve striking. The volt/ 71. This contactor is interlocked with a single-phase 
vere to be steeply drooping to give fan motor having a centrifugal switch, so that the 

ding performance, and saturable reactor Contactor is tripped in the event of a failure of the fan 







nfinitely variable remote control 
whole range and down to the 





*Certain circuits described in the paper are the subject of letters 
patent 






consumable-electrode 























\ ng rectifiers had shown the need for a 
! ce | ins of a voltage feedback 
ut, where the excitation of the saturable reactor 
duced by the initial current surge which occurs 
triking tk rc. It was decided t ymit this device 
from t t nce the normal method of arc starting 
would be by means of a radio-frequency spark, i. 
short-circuit conditions would not normally arise 
Thi wa subsequent pro 1 to be justified, for 
iltthough oscillogram show a current surge of about 
twice full-load current, owing to the time constant of 
the saturable reactor, this current represents the peak 
of a half-cycle of an alternating quantity only, so that 
the heating effect is negligibl 
Auxiliaries for the set include a built-in arc-starting 
device, specially designed to improve striking and to 
reduce radio interference. In addition, a crater-filling 
device was developed for tl purpose ol reducing the 






welding current from any pre-set value to zero in four 
steps, in a time variable between 1-5 and 3-5 sec. A 
separate gas;water economizer was also fitted exter- 
nally, to allow these services to be automatically cut 
off after a variable time following the extinction of the 


are 


















Power unit 

The complete set is contained in a sheet-steel case 
and cooling air is drawn in through louvres at the top 
and discharged at the base. On the left-hand side at 
the front is mounted the gas/water economizer, and 
the crater-filling device is at the rear. A portable 
remote-control resistance is mounted on the front. 1—D.C. rectifier with covers removed 
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The output of the secondary winding of transformer This circuit contains a winding on the saturable 


TR1 is fed to a 3-phase bridge rectifier bank MRI via 


the mesh-connected a.c. windings of a saturable 
reactor. The excitation windings of the reactor are 
supplied at low voltage from a full-wave rectifier 
VM R2, the excitation current being controlled by a 


variable resistance R2, which forms the remote coritrol 
for the set 

The output from the 3-phase bridge rectifier MR1 is 
connected to the output terminals of the set through 


a d.c. contactor and the choke coil of the arc starter 





3—-Arc-starting device for use with d.c. rectifier 











reactor core. It is a current feedback winding whose 
function is to increase the short-circuit current partic- 
ularly at the high current settings. The natural droop 
ing characteristic is produced by the action of the 
saturable reactor and is modified by the current feed 
back 

Protection against radio frequency voltages 
might damage the rectifier is provided by capacitors 
Ci 

Auxiliary contacts on the d.c. contactor pro- 
vided to switch a 25 V a.c. supply from transformer 
TR3 the gas/water delay timer, which in turn 
energizes the solenoid-operated gas and water flow 
valves. In addition, a second auxiliary contact prevents 
the operation of the arc starter until the contactor ts 
closed 

Assuming that an arc starter and a crater-filling 
3 and 4) are fitted, the control action 


which 


are 


to 


device (see | Igs 
is as follows 


Closure of switch SI energizes all relays in the crater-filling 
device (Fig. 5), thus closing the d.c. contactor and making the 
welding electrode live at open-circuit voltage. Closing of 
the d.c. contactor: switches the 25 V a.c, supply to the valves 
in the gas, water economizer, so that gas and water flow to the 
torch. 

Closure of switch $2 energizes the arc starter (see Fig. 6), 
which establishes the arc 


Arc starter 
Previous designs 
suffered from two main disadvantages 


for arc-starting devices have 
the large 
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4—Crater-filling device for use with d.c. rectifier 
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amount of radio interference produced, and the length 
of time required to establish an arc, particularly at 
low currents. A minor but sometimes important factor 
is the pitting produced on the surface of the work by 
the spark itself. 

At low currents, with a transformer-rectifier satur- 
able reactor-controlled power source, the rate of rise 
of current is exponential (see Fig. 7a) following the 
breakdown of the arc gap, and at low currents (10-15 
amp) it is slower than at high. It is therefore necessary 
to provide a current supply to the arc from a source 
having a smaller time constant than that of the main 
power unit. 

An a.c. supply is taken to transformer TRI via an 
r.f. filter (see Fig. 6). A capacitor C5 is charged to 
approximately 475 V d.c. by means of the half-wave 
rectifier MR1. The operation of relay RL/A causes the 
valve V1 to conduct when the voltage on grid 4 is 
sufficiently positive and on grid 5 is sufficiently nega- 
tive with respect to the cathode. The valve will 
conduct at a rate of 50 impulses or less per sec, 
depending on the time constant of the trigger circuit, 
and allows capacitor CS to discharge through the 
primary winding of a step-up transformer TR2. An 
oscillatory circuit consisting of capacitors C7. C10, L5, 
and spark gap SG is energized by the resultant high- 
voltage pulse, and produces a discreet r.f. spark 
voltage across inductor L5 at a repetition rate governed 
by the discharge of valve V1. The frequency is then 
given by the expression: 


l : 
/ 4 (LLC) 
where 

f Frequency, c sec 
Inductance L5, henries 
c7xclo . 

; ————, farads. 
C7 C10 : 


A capacitor C8 is connected in series with a resistor 
R7 across the main power rectifier MRI, and will 
initially be charged to the open-circuit voltage of the 
set. It thus represents a current source of low time 
constant, which can discharge into the arc during the 
critical period when the current growth from the power 
rectifier is rising exponentially at a slow rate. Two 
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5—Circuit diagram of crater-filling device 
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conditions must be satisfied if the capacitor is to 
furnish sufficient current to sustain the arc growth for 
long enough to enable the rectifier power current to 
take over: (a) The discharge of C8 must be non- 
oscillatory, and (4) the time constant of the discharge 
must be sufficiently long. 

These criteria are both met by making the capacitor 
C8 of large value (about 100 «F) and of electrolytic 
construction, also arranging the value of the series 
resistance R7 to be somewhat greater than the critical 
damping resistance of the resonant circuit formed by 
the capacitor C8, inductance L5, and the inductance 
of torch and return cabling. 

The value of critical resistance 
calculated from the expression: 


I l R* 
f= rn/(re-a) 


can be readily 
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where 
f Frequency, c/sec 
L Inductance, henries 
C = Capacitance, farads 
R Resistance, ohms. 
When /=0, 
ILC R* 4L? 
— 2 v7 (L/C). 


If the capacitor discharge is oscillatory, the negative 
values will tend to reduce the current from the power 
rectifier and thus prevent the formation of an arc. The 
effect of using damped and undamped discharges is 
illustrated in Fig. 7. It was found that a paper capacitor 
alone would in fact not work, but that an electrolytic 
capacitor could conveniently be critically damped. 
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Radio interference 

It will be seen that arc initiation will be rapid and 
that, after the first spark has broken down the gap 
between electrode and work, the power current will 
follow, owing to the action of the storage capacitor. 
Since the energy supplied to the spark gap in the spark 
unit is derived from the discharge of capacitor C5, 
there will be a single spark fed in to the electrode each 
time that valve V1 fires. Extinction of these spark 
pulses is effected by the de-energizing of a relay RLB, 
which is arranged to open contact RLB’1 when the 
voltage falls from the open-circuit value to arc voltage. 

With the normal type of h.f. arc starter or tonizer, 
the spark gap in the oscillatory circuit breaks down 
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8 Radio frequency interference for arc starter 

iccessively during each positive and negative half- 


cycle of voltage, so that a large number of sparks are 
produced, resulting in increased radio interference. 
Figure 8 shows the reduced line voltage interference 
and the radiation field strength for the arc starter in 
the present equipment, both measured with the spark 
running continuously 


Crater filler 

At the end of a weld run, when the arc is rapidly 
extinguished, the weld pool tends to cool quickly and 
contract to a concave form, or crater. In inert-gas 
tungsten-are spotwelding, the surface of the spot also 
becomes concave, and under certain circumstances 
cracking may occur. Reducing the rate of cooling of the 
weld pool, by allowing the current to decay at a 
controlled rate, prevents this effect. 

The equipment used, known as a crater filler (see 
Figs. 4 and 5) consists of five relays, RL-A-E. Four of 
these, A-D, have normally open contacts in parallel 
with resistances RV2, R3, R4, RS, which are in series 
with the excitation supply for the saturable reactor 
controlling the current output of the power source. 
The relays are energized from a d.c. supply provided 


BRITISH WELDING JOURNAL, SEPTEMBER 





1958 


by transformer 7R1 and rectifier MRI. Provision for 
varying the voltage is made by a potentiometer RV 1. 

The action of the crater filler is as follows: Assuming 
that the selector switch SW is in the ‘in’ position, the 
weld is started by closing the remote control switches 
S1, S2 (see Fig. 2). The closing of SI energizes relay 
RL A, which closes contacts al and a2. These energize 
relay RL Band short-circuit resistance RV 2, respectively. 
It will be seen that relays RL C-E will energize in rapid 
succession, thus short-circuiting resistances R3, R4 
and RS. Relay RL E closing contact Fl energizes the 
welding contactor. The arc so initiated will have a 
current value equal to that selected by the remote- 
control resistance R2, all other resistances are 
short-circuited. 

To commence crater filling, switch SI is opened. 
thus de-energizing relay RL A. Contacts al and a2 
open, thus removing the supply to relay RL B and 
inserting resistance RV2 into the excitation of the 
saturable reactor, respectively. The effect of this 
increase in resistance is suddenly to reduce the value 
of the excitation current in the reactor, and hence the 
current output from the power source will drop, the 
decay being approximately a step. At the same time, 
the de-energizing of relay RL B is delayed by the action 
of capacitor C2 in parallel with its coil, so that a 
period of time elapses before this relay opens its 
contacts. 

Cumulative action will continue. inserting 
ances R3, R4 and R35, into the excitation circuit to 
produce four current steps. The arc is finally extin- 
guished when the welding contactor is tripped out 
by relay RL E. The overall time of the cycle may be 
varied by altering the value of R'V1, which controls 
the potential to which capacitors C 2-5 are charged 
initially. 

Figure 9 shows a typical current decay curve as used 
for spotwelding. Here the crater-filling cycle is pre- 
ceded by a timed period at maximum current (weld 
time); this is readily arranged by controlling the crater 
filler by a process timer. 

This type of crater filler is limited, since it reduces 
the current in steps; also, the time range cannot 
readily be varied greatly, owing to the use of relays and 


since 


resist- 
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9—Crater-filling cycle of d.c. rectifier 
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capacitors. Development is now proceeding on devices 
which will give exponential current decay curves of 
variable slope to meet the metallurgical requirements 
in the spotwelding of materials such as the Nimonic 
alloys 


350 AMP. A.C, POWER SOURCE 


This power source (type “CPU.350°) was developed 
to produce a composite a.c. set utilizing the principle 
of surge injection, previously investigated by Orton 
and Needham,* i.e., the momentary introduction into 
the arc of a direct current pulse, synchronized to 
coincide with the beginning of the positive half-cycle 
of current. The principle offers the following advan- 
tages for the design of an a.c. power source: 

(i) The open-circuit voltage can be reduced to 50 V r.m.s 

or less, thus reducing the size of the power transformer 


The surge-maintained arc causes no radio interference 
during welding 


(il) 
(iii) Are initiation is improved, particularly at low currents 
The commencement of the positive half-cycle is deter- 
mined by the surge, which ensures that the hali-cycle is 
of maximum duration 


(iv) 


* 


Orton and J. S. Needham: E.R.A. Report Z T87, 1952 
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10—Internal view of a.c. power source 
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Radio interference 

It will be seen that arc initiation will be rapid and 
that, after the first spark has broken down the gap 
between electrode and work, the power current will 
follow, owing to the action of the storage capacitor. 
Since the energy supplied to the spark gap in the spark 
unit is derived from the discharge of capacitor CS, 
there will be a single spark fed in to the electrode each 
time that valve V1 fires. Extinction of these spark 
pulses is effected by the de-energizing of a relay RLB, 
which is arranged to open contact RLB/1 when the 
voltage falls from the open-circuit value to arc voltage. 

With the normal type of h.f. arc starter or ionizer, 
the spark gap in the oscillatory circuit breaks down 
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8—Radio frequency interference for arc starter 


successively during each positive and negative half- 
cycle of voltage, so that a large number of sparks are 
produced, resulting in increased radio interference. 
Figure 8 shows the reduced line voltage interference 
and the radiation field strength for the arc starter in 
the present equipment, both measured with the spark 
running continuously. 


Crater filler 

At the end of a weld run, when the arc is rapidly 
extinguished, the weld pool tends to cool quickly and 
contract to a concave form, or crater. In inert-gas 
tungsten-are spotwelding, the surface of the spot also 
becomes concave, and under certain circumstances 
cracking may occur. Reducing the rate of cooling of the 
weld pool, by allowing the current to decay at a 
controlled rate, prevents this effect. 

The equipment used, known as a crater filler (see 
Figs. 4 and 5) consists of five relays, RL-A-E. Four of 
these, A-D, have normally open contacts in parallel 
with resistances RV2, R3, R4, R5, which are in series 
with the excitation supply for the saturable reactor 
controlling the current output of the power source. 
The relays are energized from a d.c. supply provided 
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by transformer 7R1 and rectifier MRI. Provision for 
varying the voltage is made by a potentiometer RV 1. 

The action of the crater filler is as follows: Assuming 
that the selector switch SW 1 is in the ‘in’ position, the 
weld is started by closing the remote control switches 
Si, S2 (see Fig. 2). The closing of Sl energizes relay 
RL A, which closes contacts al and a2. These energize 
relay RL Band short-circuit resistance RV 2, respectively. 
It will be seen that relays RL C-E will energize in rapid 
succession, thus short-circuiting resistances R3, R4 
and RS. Relay RL E closing contact F1 energizes the 
welding contactor. The arc so initiated will have a 
current value equal to that selected by the remote- 
control resistance R2 all other resistances are 
short-circuited. 

To commence crater filling, switch SI is opened, 
thus de-energizing relay RL A. Contacts al and a2 
open, thus removing the supply to relay RL B and 
inserting resistance RV2 into the excitation of the 
saturable reactor, respectively. The effect of this 
increase in resistance is suddenly to reduce the value 
of the excitation current in the reactor, and hence the 
current output from the power source will drop, the 
decay being approximately a step. At the same time, 
the de-energizing of relay RL B is delayed by the action 
of capacitor C2 in parallel with its coil, so that a 
period of time elapses before this relay opens its 
contacts. 

Cumulative action will continue, inserting resist- 
ances R3, R4 and R35, into the excitation circuit to 
produce four current steps. The arc is finally extin- 
guished when the welding contactor is tripped out 
by relay RL E. The overall time of the cycle may be 
varied by altering the value of Rl1, which controls 
the potential to which capacitors C 2-5 are charged 
initially. 

Figure 9 shows a typical current decay curve as used 
for spotwelding. Here the crater-filling cycle is pre- 
ceded by a timed period at maximum current (weld 
time); this is readily arranged by controlling the crater 
filler by a process timer. 

This type of crater filler is limited, since it reduces 
the current in steps; also, the time range cannot 
readily be varied greatly, owing to the use of relays and 


, since 
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capacitors. Development is now proceeding on devices 
which will give exponential current decay curves of 
variable slope to meet the metallurgical requirements 
in the spotwelding of materials such as the Nimonic 
alloys 


350 AMP. A.C. POWER SOURCE 


This power source (type “CPU.350°) was developed 
to produce a composite a.c. set utilizing the principle 
of surge injection, previously investigated by Orton 
and Needham,* i.e., the momentary introduction into 
the are of a direct current pulse, synchronized to 
coincide with the beginning of the positive half-cycle 
of current. The principle offers the following advan- 
tages for the design of an a.c. power source: 

(i) The open-circuit voltage can be reduced to 50 V r.m.s 

or less, thus reducing the size of the power transformer 

(ii) The surge-maintained arc causes no radio interference 

during welding 

(iii) Are initiation is improved, particularly at low currents 

(iv) The commencement of the positive half-cycle is deter- 

mined by the surge, which ensures that the half-cycle is 
of maximum duration. 





*L.H. Orton and J.S. Needham: E.R.A. Report Z T87, 1952 


10—Internal view of a.c. power source 
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Specification 

The electrical specification of the machine is shown 
in Table I. The open-circuit voltage is 50 V r.m.s., 
which was found to reduce the cost of the power 
transformer, primary contactor, and power factor 
correction capacitors sufficiently to balance the in- 
creased cost of the surge-injector equipment. 

The maximum rating kVA may be com- 
pared with that of a previous set having an open- 
circuit voltage of 100 V r.m.s. and a maximum current 
of 300 amp, giving a maximum rating of 30 KVA. This 
required 360 uF capacitance to correct the power factor 
of 0-7 lagging, whereas the present set uses 180 uF. 
In addition, a significant reduction in the size of the 
primary contactor has been made. 


Power unit 

Figure 10 shows the internal arrangement of the 
unit. The power transformer with primary contactor 
is at the rear, and immediately in front of it is the 
suppressor bank. The surge-injector control unit is 
chassis-mounted at the front, and can be easily 
moved for servicing. Connections are made by means 
a plug at the rear 
The power transformer 7R3 (see Fig. 11) is of 
onventional design with tapped series choke control 
Power-factor correction is carried out by means 
f capacitor C17 
The use of injection 

rent rectification in the arc, experienced partic- 
nium welding fgg was there- 
suppressor bank C20, consisting of 
0O etched-f foil electrolytic capacitors aod of 1000 uF 
capacity. This can be isolated by means of switch $3 
when materials such as stainless steel are welded. 

The suppressor bank is provided with a by-pass 
circuit whereby a low ance R33 is placed in 
parallel with it contactor CR is closed. It is 

the surge voltage from tending to 
20 when the arc is being initiated, 
satisfactory ignition cannot take place 

An auxiliary supply for the surge injector circuit is 
provided by an auto-transformer 7R4 via an r.f. filter, 
which limits the mains-borne Gas and 
water control valves AV, WV are supplied from a 
timing circuit 


' 


surge does not obviate the 
iriy wit lun 


re made fora 


resist 
when a 
necessary t ) prevent 
capacitor (¢ 
otherwise 


charge 


interference 


Surge injector control sequence 
Assuming that transformer 7R] 

providing high- and low-tension 

circuit, the control 


thus 
the 


is energized, 
supplies for 
action is as follows:, 


is closed 


(2) Main contactor MC energizes via pilot relay PR 
relay MR energizes, closing contacts MRI, MR2 


(1) The remote control switch $2 


Master 


(3) MC closing switches on power transformer 7R3 
MR1 closing charges C13 to voltage of high-tension 
supply. 
MR2 closing extinguishes valve V1 
(4) Relay TR de-energizes, closing contact 7R(1). 
TR(1) closing energizes gas and water valves AV, WV. 
(5) Open-circuit voltage (SO V r.m.s.) energizes relay VR, 


closing contacts VR1, VR3, VR4, and opening VR2. 

The action of these contacts is to set up the circuit for 
starting the arc, the requirement being that the surge and 
spark should occur at the peak of the open-circuit voltage 
wave. The suppressor bank C20 is by-passed by the closing 
of contactor CR. 
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(6) The control grid of the trigger valve V3 is supplied with a 
voltage proportional to the open-circuit voltage via R13, 
R14. When V3 conducts the anode potential falls, and 
the differentiating circuit C9, R16 causes a negative-going 
pulse to be applied to the trigger electrode of valve V4, 
which is a gas-filled cold-cathode tetrode designed for 
pulse operation 


The conduction of V4 allows the 
capacitor C13, thus supplying a d.c. pulse to the welding 
electrode. The return path for this discharge is through 
the primary of a step-up transformer 7R2. This is arranged 
to generate a high-voltage spark of short duration, which 
breaks down spark gap SG and is fed to the welding 
electrode. The choke coil CH2 acts as a high impedance, 
preventing the spark voltage from getting back to the 
electronic circuits. 


On initiation of the arc, the relay VR de-energizes, thus 
opening contacts VR1, VR3, VR4, and closing contact 
VR2. The trigger valve V1 then conducts earlier, with the 
result that the surge is injected into the are about 20 
before the open-circuit voltage peak, i.e. at the point 
corresponding to zero arc voltage preceding the positive 
half-cycle. The spark is automatically cut off by the con- 
tact VR2 short-circuiting the primary of transformer 
TR2, and the suppressor bank C20 is inserted into the 
welding circuit by the opening of relay CR 


At the finish of the weld run, 
switch trips the main contactor 


opening of the control 
MC, thus extinguishing 


— a 





12—-Surge injection: oscillograms of surge (a) at peak of o.c. wave 
before arc initiation, and (5) at start of positive half-cycle of 
arc voltage 
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13—Radio frequency interference for surge injector 


the arc. Contact MR2 opening allows capacitor Cl to 
charge. After a time delay dependent on the value of 
resistance R4 or RS, valve V1 conducts and energizes 
relay 7R. Contact TRI de-energizes the gas and water 
valves AV, WV. 


Surge values 

Figure 12a shows an oscillogram of the surge 
occurring at the peak of the open-circuit voltage wave 
prior to starting the arc, and Fig. 126 shows the arc 
voltage with surge occurring at the start of the positive 
half-cycle; the surge alone is non-oscillatory. 

Since the arc re-ignition voltage for aluminium is 
200 V and rises to 300 V for copper, the surge pulse is 
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kept as large as possible and should be within the 
range 250-300 V d.c. 


Radio interference 

Curves of interference values of voltage and field 
strength, plotted against frequency, are shown in 
Fig. 13, for the condition with the spark on. The 
voltage figures are well below the limits of B.S. 800, 
but the field strength at frequencies above | mc/sec 
are in excess of the limit. However, the spark duration 
is confined to a very short period at the start of the 
weld, and is thus of an intermittent nature only. 
Measurements taken during welding with the surge- 
maintained arc show that the radiated interference is 
below that measurable with G.P.O. test equipment. 

CONCLUSIONS 

The 150-amp d.c. machine has met the special 
requirements of inert-gas tungsten-arc welding at 
medium currents, and can be readily adapted by the 
addition of further auxiliaries for inert-gas tungsten- 
arc spot welding. Further development on special 
crater-filling devices is planned. Reduction in mini- 
mum current will also be sought after. 

The 350-amp a.c. machine has justified the use of 
the surge-injection principle, primarily on the grounds 
of reduction of radio interference, which will no doubt 
become increasingly important. The improved striking 
and absence of h.f. pitting is useful where high- 
quality aluminium welding is concerned. Reduction in 
open-circuit voltage will reduce the risk of shock to 
operators. 
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RECOMMENDED SAFE PRACTICES FOR INERT-GAS METAL-ARC WELDING 


2nd Edition, American Welding Society. Price $1.00. 

The recommendations in this report represent the findings 
of a special sub-committee appointed by the American Welding 
Society Committee on Safety Recommendations. This sub- 
committee was assigned the problems of investigating the 
potential hazards associated with the inert-gas metal-arc 
welding process and of recommending adequate control 
measures where necessary. To this end, it reviewed existing 
literature, reviewed industrial records, investigated reports of 
complaints, and made supplementary studies. 

It is a pity that some space at the beginning of the report was 
not devoted to a short technical description of the inert-gas arc 
welding processes. 

The following potential hazards were considered of sufficient 
importance to be included within the scope of the investigation: 


A. Gases: (i) Ozone; (ii) oxides of nitrogen; (iii) carbon 
dioxide and carbon monoxide; (iv) trichlorethylene 
decomposition 

B. Radiant energy 

C. Radioactivity from thoriated tungsten electrodes 

D. Metal fumes. 


The conclusion reached in regard to ozone, viz: “It is felt that 
no significant hazard exists from this source” is not in agreement 
with the latest work on the subject. The average concentrations 
of ozone at different distances from the arc, which are given in 
a Table, have been extracted from an article published in 1954. 
Although it is stated that numerous other results of ozone 


determinations have been accumulated, no references are given 
to the reader for these. 

Attention is drawn to the fact that very high concentrations 
of nitrogen oxides have been reported during inert-gas tungsten- 
arc cutting of stainless steel, using a 90°, nitrogen-10°% argon 
mixture as the shielding gas. An average concentration of 60 
p.p.m. of nitrogen oxides was found in the breathing zone of 
which about 30°, was nitrogen dioxide with a threshold limit of 
5 p.p.m. Mention is made only of nitrogen dioxide but where 
ozone and nitrogen dioxide are present in an atmosphere 
together the chemical reaction 2NO, +O, = N,O, + O, occurs. 
Nitrogen pentoxide N,O, has a physiological action similar to 
that of ozone.* This latter work has attracted far too little notice. 

Emphasis is rightly placed on separating degreasing processes 
(when they are sources of trichlorethylene or perchlorethylene 
vapour) from welding processes, to avoid decomposition of 
these solvents and the production of phosgene. 

The reader's attention is also drawn to the fact that radiant 
energy, particularly in the ultra-violet range, presents a far 
greater intensity during inert-gas metal-arc welding than during 
shielded metal-arc welding (with covered electrodes). 

Despite the criticism in this review the report is considered 
to be a very useful publication, particularly as it is intended to 
consider new and relevant data when they become available. 

P. J. R. CHALLEN 

* W. M. Diggle and J. C. Gage, “The Toxicity of Ozone in the 

Presence of Oxides of Nitrogen”, Brit. J. Industr. Med., 1955, 
vol. 12, p. 60. 
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SCHOOL OF WELDING TECHNOLOGY 


THE FIRST YEAR 


The School of Welding Technology has completed its 
first session; those responsible for its organization have 
therefore been looking back over the past year and en- 
deavouring to measure the success that has been achieved. 

Before the establishment of the School, the first venture 
of the Institute into the field of direct technological educa- 
ion was in 1956, when the Structural Sub-Committee 
planned the first evening course in London on the Detail 
Design of Welded Structural Steelwork. Although many 

luential members had early misgivings the response was 
some 300 designers and draughtsmen ap- 
rolment. The course is now held twice a year, 
ind once elsewhere. This outstanding 
is been a source of inspiration, and the Institute 
ch to the foresight of the members of the Struc- 
Sub-Committee who had the courage to forge ahead 


verwheiming 
} for en 


1 London 
' 


many forebodings of failure 
I se confirmed the need of industry for special- 
ing technology, and the Institute had 
with some confidence, expect a good 
ilar venture that it might organize 
I he School of Welding Technology was born 
talks between the honorary officers of the 


e B.W.R.A. By me the purchase of 


ve 
} ‘ | 


| es Ga nade it possible f e Institute to relieve 
\ssociat f the distract f its very successful 
‘ ner Sch d to continue ] to expand the service 
1 giver everal years past e purpose ol this new 
School would be the provisior f special technological 
structic 1 fairly advanced level for those holding 
esponsible positions in industry, so that they might be 
) ded ne Ss date information on welded 
es M4 ! Dd . tio! > rwecl T d ese ircn It Was hoped 
I sc - g part would then be better pl iced to em- 
Noy effective the wide range welding processes 
presently available 
In October 1957, the first course opened, dealing with 
pressure vessels and pipework ; between then and June 1958 
ine courses, mostiy lasting ab ive days each, have 


and nearly 400 engines passed through the 


mediate and has 


been held, 
School 
been so great that repeat courses have been fully booked 
before the original course finished, a heartening proof both 
of the demand and of the confidence which the Institute 
enjoys 

Mistakes have been made, but all concerned with the 
School have learned much since the first course was held 
The course members themselves have entered into the 
spirit of this new venture and we are grateful for their 
interest and helpful comments. Their suggestions have led 
to real improvements in organization 

The procedure adopted in developing a course involves 
a number of functions. The subject and content are first 
submitted to the School Committee for general approval; 
members of the Institute who are experts in the various 
subjects are then invited to lecture and are called to a meet- 


[he response ol industry was it 


ing at which the course is fully discussed, and the limits of 


the lectures are defined. The standard of the course is also 
determined having regard to those who have enrolled, and 
arrangements for any demonstrations are made. This pro- 
cedure makes possible the organization of a coherent 





course, and prevent serious overlapping between lectures 
All the efforts of the Institute’s staff would have been 
fruitless without the willing support of the members who 
gave lectures and helped with demonstrations. Their names 
are recorded below. The Institute is greatly in their debt. 

The key-note of these courses is informality, for it is only 
in a friendly atmosphere that free and fruitful discussions 
will take place. The interchange of technical knowledge 
among students is an important part of the courses, and 
“after-lecture” social functions are arranged to provide 
opportunities for meeting one another. We hope to extend 
this aspect of the School's activities, and to offer the ser- 
vices of the Institute's Staff in making special arrangements 
for students living out of London 

There is overwhelming proof of the demand that exists 
for technological instruction in welding, and the Council is 
fully resolved to do everything possible to give industry 
what it wants. The running of the School costs a great deal 
of money, and the rate at which it can grow will depend 
upon the funds available. The greater the support given by 
industry to the Institute, the better will be the service that 
can be offered 

We have, in the past, held approximately one course each 
month but plans are now being made to offer twenty 
courses a year. The most popular courses will be repeated 
annually and others in alternate years 

One day, let us hope, the School will develop into the 
National School of Welding, providing full-time and part- 
time education for all branches of welding and its appli- 
cations. Whether this comes about or not the Institute can 
indeed by proud to have conceived and launched such a 
valuable service to the British engineering industry 


J. L. SANDERS 
(Technical Officer) 
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Some Aspects of Cross Wire Welding of 


Aluminium Alloys 


SYNOPSIS 


\ Brite description is given of the type of equipment needed 
for the satisfactory cross wire welding of aluminium alloys 
The results of bend tests and macro-examination indicate the 
correct current waveform and pressure to be used, Cleaning 
of the wire is tound to be partic ularly important, and spec ially 
oated wire is recommended 

Although some disadvantages of the process are listed, it is 
considered that the method has definite application where the 
light weight of the alloys is a consideration 


HE cross wire welding of mild steel is an accepted 
process, and is readily accomplished with stand- 
ard resistance welding machines, for the basic 
variables of welding current, time, and pressure are 
not very critical. Single or multiple joints can be made 
in One operation without difficulty. 

For the aluminium alloys, however, as in spot 
welding, a much closer control is needed, and there are 
special requirements in the design of the equipment 
used. 


WELDING MACHINE 


A machine for cross wire welding of aluminium 
alloys must have a number of features: 
(a) Adequate electrical capacity to provide the higher currents 
necessary 


(b) Low weight and inertia of the moving parts of the pressure 
head 


(c) Provision for a follow-up pressure at the end of the weld- 

ing period. 

The weight must be kept low so that, as the wire 
collapses on heating, the electrode is able to maintain 
contact and continue to apply pressure. A rapidly 
applied force after the weld is made is desirable to 
consolidate it. 

In the machine used for the investigations described 
the welding force is applied by air pressure. During 
the initial stage air is admitted to both sides of the 
piston, and the welding force is dependent on the 
difference in area between the top and underside of the 
piston. At the instant when it is required to apply the 
higher pressure the underside is rapidly exhausted to 
atmosphere by a special high-speed electrically- 
operated valve. By this means, it is possible to control 
fairly accurately the required pressure cycle. 

The welding current is controlled by an ignitron 
contactor using phase shift and special timing circuits. 
By this combination not only could the initial or 
starting current, as well as the maximum current and 
period of current flow, be controlled, but also the wave 


By G. H. Batten, B.Sc., A.M.1.E.E. 


shape of the current envelope. The wave shape was 
found to have a marked influence on the quality of the 
welds and is discussed in more detail later. One of the 
timing circuits makes it possible to pre-set the time for 
the operation of the air valve, and with all the facilities 
made available the welding variables could be con- 
trolled within quite fine limits. 
WELD TESTS 

A number of different alloys were welded with vary- 
ing degrees of success. Super-purity aluminium was 
not found to be satisfactory, nor were any of the softer 
alloys. The best results were obtained with a general 
purpose alloy supplied in the hard tempered condition 
and having the composition: 


Cu, - Mn, % Fe, Zn, Ti, 
0-15 0-60 1-0-1°5 0-7 0-1 0:2 
max max. max. max max. 


The Al-2°,Mg and Al-5°.Mg alloys welded reason- 
ably well, the better results being obtained with the 
2°.Mg material. 

The degree of upset fin or flash formed appears to 
be dependent on the alloy being welded. With the 
general purpose alloy a fairly small, smooth upset fin 
could be obtained, whilst with the Mg alloys it was 
larger and had sharper edges. With the latter alloys a 
compromise had to be made between the strength of 
the weld and the degree of upset fin and set-down that 
could be tolerated, a condition which could be 
accurately controlled by adjustment of the machine 
settings. 


Quality tests 

As the aim of the investigation was primarily to 
obtain welds of suitable quality for ordinary com- 
mercial applications a simple test for weld quality was 
used. The two wires were bent back on themselves at 
the weld junction. This test showed whether a weld 
nugget had been formed or, if one wire peeled off, 
whether the fusion was at the periphery of the joint or 
whether most of the strength came from the mech- 
anical interlocking of the wires. By this means it was 
possible to discover what alterations were needed to 
the machine settings. 





Paper to be presented at the Autumn Meeting in London. 
Manuscript received 27th May, 1958. 

Mr. Batten is in the Heating and Welding Engineering Dept. of 
Metropolitan-Vickers Electrical Co., Ltd. 
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Wire sizes from } in. to » in. dia. were welded in 
} in. dia. 


general purpose alloy, and | in. and * 


ne of the welded wires and examples of the bend 

st used 

\ few samples were prepared for macro examina- 
tion, and generally showed fusion. Again, 
with the general purpose alloy were better than 
with the Mg alloys (Fig. 2) 

As with aluminium sheet, the weld settings when 
velding wires of two different diameters approximate 
to those needed for the thinner component. Difficulty 
was encountered in obtaining fusion when welding 
wires of largely different diameters; for example, } in. 
to 4; in. dia. This appears to be due to the large 
thermal capacity of the thicker wire and the lower 


good 


reciult 
results 


2—Typical macrosections of welds; (a) General purpose alloy, 
in. dia.; (5) Al-5°.Mg alloy, | in. dia. (Note upset fin) 


the Mg alloys. Figure | shows the appearance of 


current-carrying capacity of the thinner wire. Any 
attempt to increase the current to obtain fusion tends 
to result in excessive upset and risk of a blow-out of 
the thinner wire. 


RESULTS 

Effect of welding force 

For welding 4 s.w.g. wire of the general purpose 
alloy a welding force of 180 lb was needed followed by 
an upset force of 340 Ib. These values are rather 
critical, a variation of 10°, making an appreciable 
difference to the quality of the weld. The upset force is 
applied near the end of the welding time, and the 
instant of application must be accurately controlled, 
since a variation of two cycles is found to affect the 
quality of the weld. 
















BATTEN: CROSS WIRE WELDING OF ALUMINIUM 


Electrodes 

Special grooved electrodes modified from standard 
flat types were used during most of the tests. For the 
2°, and 5°, Mg materials a groove in each electrode 
embracing 4 to } the circumference of the wire was 
necessary. These grooves were made such that the 
electrode was a good fit on the wire. Any tendency for 
the wire to make contact with only the bottom of the 
groove caused excessive pick-up with the resultant 
tendency towards blow-out. 

On certain of the 5°, Mg alloy samples the wire had 
to make contact with the sides of the groove rather 
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5—Typical current waveform for | in. dia. wire 


than the bottom, for this eliminated the tendency for 
the wire to crack on the opposite side to the weld. 

The superiority of hard drawn electrolytic copper 
electrodes over the copper alloy types in regard to 
pick-up was not investigated. As wire welding with 
grooved electrodes is different from ordinary spot 
welding of aluminium sheet, in as much as the 
current-carrying area of the electrode in contact with 
the wire is much greater, it is thought that the better 
wearing qualities of the copper alloy type might prove 
advantageous. 

To avoid the danger of blow-outs it is essential that 
any aluminium pick-up on the electrode should be 
removed. This can be done quite readily with a non- 
tapered round file of the correct diameter, followed by 
a final polish with steel wool. 

Whilst these remarks apply in particular to the Mg 
alloys, some success was achieved with the general 
purpose alloy using one flat electrode, although there 
was some flatiening of the wire in contact with the 
electrode. 
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Cleaning of material 

Because of the early inconsistent results great care 
was taken with the cleaning of the wire used. It was 
first degreased and then mechanically cleaned with a 
rotating wire brush. When suitable weld settings had 
been achieved, this method of cleaning gave satis- 
factory and consistent results. It was realized, however, 
that if the process were to be commercially applicable, 
cleaning would be one of the main problems, as in 
ordinary spot welding. 

This problem has been largely overcome by the use 
of specially coated wire. The oxide layer is removed 


Arrangement of photo-electric cell and 
toroid for checking current waveform 
and occurrence of blow-out 


4—CCurrent waveform and 
photo-electric cell trace 
showing blow-out 





during manufacture and the wire is given a thin coat- 
ing of another metal which prevents further oxidation. 
This coated wire can be satisfactorily welded in the 
‘as-received’ condition, and a certain amount of work 
can be done in forming the wire to the required shape 
without removing this coating. Care has obviously to 
be taken to ensure that the coating is not subject to 
abrasion or otherwise destroyed, and that it is free 
from grease or oil. 

Test results have indicated that less electrode clean- 
ing is required with coated wire than with mechanic- 
ally cleaned wire. For example, on the limited tests 
carried out, an average of over 100 welds were made 
before the electrodes needed a light cleaning. 

Effect of current waveform 

Initially, it was thought that a fairly low current 
would be needed at the start of the weld having 
regard to the small contact area between the two wires, 
and that as the contact area increased with the soften- 
ing and collapse of the wires so would the current also 
have to be increased. The importance of the rate of 
rise of the current was not fully appreciated at first. 

Early tests gave very inconsistent results, often 
varying from no weld at all to expulsion of molten 
metal occurring so rapidly that the electrode was not 
following the collapse of the aluminium, with con- 
sequent flashing and arcing. 

The examination of the current waveform was made 
by using an air-cored toroidally wound transformer 
and feeding the output into an integrating circuit, the 
output from this circuit being fed into one beam of a 
double-beam cathode-ray oscilloscope. This technique 
has been described by Richter,* who shows that a 


* W. RicuTer: Electronic Eng., 1944, vol. 63, pp. 38-40. 
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close approximation to the ori- 
ginal waveform can be obtained (a) 
by this means. ; 

To obtain information about 
the occurrence of arcing, a 
selenium type photo-electric 
cell was used. This was mounted 
at the end of a tube, the axis of 
the tube being towards the wires 
being welded (Fig. 3). To pre- 
vent any molten aluminium 
reaching the photo-cell the end 
adjacent to the weld was pro- 
tected with Perspex sheet. 

By setting a suitable time base 
on the X-axis and arranging 
that the spot commenced to 
traverse the screen slightly be- 
fore the welding current, a 
satisfactory trace of the welding (b) 
current was obtained. A long- 
persistence screen cathode ray 
tube was used so that the results 











could be readily seen, and a i 
Ao 

suitable camera attachment en- T 

abled permanent records to be 

obtained 


The current indication was 
used initially to check the con- 
sistency of the equipment, for no 


amount of careful wire cleaning 6é—Welding current waveforms; (a) General purpose alloy 


produced consistent results 
But the photo-cell device showed 
that the blow-outs were occurring towards the end of 
the weld period, and always where the rate of rise of 
current was steep and near the peak of the current 
half-cycle. This effect is shown in Fig. 4. 

The next logical step was to reduce the rate of rise 
of current, making it more linear, and to increase the 
total number of cycles. This was quite easily done on 
the panel controls by making the rise time consider- 
ably longer than the actual weld time. A typical 
current waveform for | in. material is shown in Fig. 5. 

The harder materials of course require a lower 
initial heat than the softer alloys, for the latter are 
partially flattened by the electrode pressure. These 
different current requirements are shown in Fig. 6. 

Once the type of waveshape has been established for 
a particular alloy small variations to the maximum 
heat setting will vary the amount of metal expelled 
consistent with strength requirements. 


APPLICATIONS 


The results obtained during the series of tests 
indicate that the cross wire welding of certain alumin- 
ium alloys is a practical proposition. The main dis- 
advantages of the process compared with cross wire 
welding of steel are, briefly: 


wire 4 s.w.g.; (+) hard Al-5°.Mg alloy wire ;\ in. dia. 


(i) Very much less latitude in variation of welding current 
time, and pressure 

(ii) Need for much closer control of the condition of the sur- 
face of the wire before welding 

(iii) Less number of spots per minute owing to the longer ti 
required per spot and, probably more important, the need 
for positioning the wire accurately under the electrodes 
every time. If this is not done there is a possibility of 
blow-out, with consequent damage to the work and the 
need to clean or renew electrodes 

(iv) The possibility of making a number of welds at one opera 
tion, although not attempted, appears to be rather remote 


< 


The capital cost of equipment is much higher, owing to the 
need for larger kVA capacity and accurate control 
equipment. 

The process should, however, compare favourably 
with other means of welding aluminium alloy wires 
and should enable the use of these materials to be 
considered where their lighter weight or freedom from 
corrosion compared with steel are of importance 
Examples of the advantages of the use of aluminium 
wire products in preference to steel are quite numerous, 
particularly in products associated with food. 
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High-Current Inert-Gas Metal-Arc Welding 


of Aluminium 


By A. A. Smith, B.Sc., 


- 


A.I.M., and P.T. Houldcroft, B.Sc., (Eng.Met.) 


SYNOPSIS 


Tue welding of thick aluminium by the inert-gas metal-arc process, using high currents to avoid 


the need for preheating, leads to gross oxidation and irregular bead profile known as ‘puckering’. 


Details are given of tests to determine the effects of factors such as torch and joint angle, wire 


composition and diameter, voltage, and gas coverage on puc kering. Whilst they appear to have 


some influence on the quality it is shown that the condition is caused mainly by air entrainment 


in front of the weld pool. An attempt has been made to eliminate the difhculty by the use 


ota 


supplementary shielding nozzle. This enables satisfactory welds to be produced at currents greater 


than soo 


Introduction 


ECAUSE Of their high thermal conductivity alu- 
B minium alloys have always been difficult to 

weld in thick sections, particularly above } in. 
thick, and a variety of techniques have been devised to 
overcome the difficulty. Preheating is generally nec- 
essary with both metal-arc and argon tungsten-arc 
welding to obtain adequate fusion. Wide-angle edge 
preparations are also used; for example a 90° included 
angleis necessary for high quality tungsten-arc welding. 
Several years before the introduction of the inert-gas 
metal-arc method of welding, attempts were made to 
use tungsten-are welding at currents of up to 600 amp 
to avoid the need for pre-heating. It was found, how- 
ever, that above about 350 amp tungsten loss occurred, 
even with the use of large diameter electrodes. With 
the introduction of inert-gas metal-arc welding, which 
does not require the assistance of preheat, interest in 
high-current tungsten-arc welding ceased. 

Although preheating was unnecessary with inert- 
gas metal-arc welding it was found that the use of this 
process was restricted by an upper limit of current of 
about 400 amp!. Above this value the arc becomes 


amp, and with high speed and simplihed edge preparation. 
| £% S| | ge pre} 


erratic with large momentary fluctuations in current,* 
the weld pool is turbulent and digs deeply, while the 
weld bead is irregular and contains gross oxide films. 
This condition is known as ‘puckering’. 

Until recently there was no need to use welding 
currents of over 400 amp, and the inert-gas metal-arc 
process has been operated between this upper limit and 
the lower limit set by the reversion of the arc to sub- 
threshold conditions.” Welding currents in the sub- 
threshold range (below about 150 amp for + in. dia. 
wire) result in the metal transferring as large globules, 
a condition unsuitable for normal welding. In practice 
most inert-gas metal-are welding has been carried out 
between 150 and 350 amp. Within this comparatively 
narrow range material from + in. to 2 in. thick has 
been welded by the judicious choice of welding speed 
and edge preparation. 
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2—-Longitudinal macrosection, showing oxide folds and flow 


lines in a puckered bead made at 500 amp 


The present work on methods of raising the upper 

current limitation for inert-gas metal-arc welding has 
resulted in the development of a special shielding 
ozzle, with which it has been possible to weld at 
currents up to 650 amp. Still higher welding currents 
nay be possible with minor modifications to the 
ipparatus and welding technique 


THE PROBLEM OF HIGH CURRENT WELDING 


The oxidized puckered weld bead is the result of a 
complete break-down of the normal welding condi- 
tions. Severe turbulence in the weld pool gives oxide 
folds which are entrained to the full depth of the weld 
001, so that the puckered surface is indicative of a 
completely spoiled bead (Figs. | and 2). 

In Fig. 2 a longitudinal section has been made 
through a weld crater to show the oxide folds and flow 
lines of the molten weld metal. Although the change 
from sound to puckered deposits is normally well 
marked and abrupt it is possible in automatic welding, 
where conditions are more steady than in manual 
welding, to obtain a more subtle form of the defect. 


This can occur when a weld bead is on the verge of 
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3—-Longitudinal macrosection, showing elongated cavities or 
tunnelling in bead made at 350 amp 


visible puckering and takes the form of elongated 
cavities at the root of the weld. These have been called 
‘tunnels’. Figure 3 is a longitudinal section through a 
severely ‘tunnelled’ weld bead. 

These defects have been avoided by working below 
the current at which puckering appears, /.e., 350-400 
amp, but this has necessitated the use of a large num- 
ber of passes for welds in thick plate. Considerable 
economies could result from the use of high welding 
currents, for welding would be faster, machining for 
edge preparation would be reduced, and less filler 
metal would be used. 

Certain variables, such as the following, have been 
thought to affect the current at which puckering 
occurs : 

(a) Torch angle 
(5) Joint design 
(c) Wire diameter 
(d) Arc voltage 
(e) Gas coverage. 

An examination of these variables has led to a better 
understanding of puckering and has indicated methods 
of overcoming the defect. 


Torch angle 

It has been noticed in manual welding that at cur- 
rents not normally associated with puckering, (330 
amp, with 4 in. dia. wire) the defect could occur if 
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the operator increased the torch angle to more than 
90°,* thereby directing the arc back into the weld 
pool. This may occur, for example, if the operator 
changes the torch angle when welding into and out of 
a corner fillet joint. This experience suggested that by 
decreasing the torch angle to less than 90° the converse 
would hold and that the puckering occuring at high 
currents would be reduced. Table I shows the onset of 
a visibily puckered bead in bead-on-plate tests made 
with N6 wire deposited at different torch angles. 


Table I 


Effect of torch angle on the current at which puckering starts 
when welding with N6 wire 





Current, iy in. dia. wire §, in. dia. wire 
amp Torch angle Torch angle 
135 90 45 135 90 45 
250 S S S S S S 
260 S S S S S 
300 P S S P S S 
330 P S S P S S 
350 P S S P S S 
370 P P S P S Ss 
380 P P S P S S 
400 P P S P P S 
450 P P S P P S 
$00 P Pp S* Pp P S* 
520 P P S* P P s* 
$50 P P pP* Pp Pp p* 
600 P P pe P P p* 





S=Sound; P= Puckered; *= Metal ejected from weld pool. 

Although puckering has been prevented up to 520 
amp by the use of the 45° torch angle this has no real 
practical significance because about 80°, of the 
deposited weld metal is ejected from the weld pool. 
The use of this technique in welding would result in the 
accumulation of oxidized fume and spatter in the joint 
ahead of the arc, giving weld defects and lack of root 
fusion. 

These observations suggest that directing the torch 
back into the molten pool increases the normal wash- 
back of molten metal from the leading edge of the 
weld pool, so that puckering is induced at a lower 
current than for a vertical torch angle. The changes in 
puckering current resulting from an alteration in the 
torch angle demonstrate the connection between puck- 
ering and arc force in the molten weld pool. The use of 
a forward torch angle, apart from improving the 
argon coverage at the front edge of the weld pool, 
reduces the digging action and the backwash of molten 
metal, and puckering is minimized. 


Joint angle 

A welding current that produces a puckered deposit 
in the bead-on-plate test will sometimes make a 
sound weld when the same conditions are used in a 
joint. For example, the puckering that occurs with 
fy in. N6 wire at 370 amp with a 90° torch angle in a 


* Torch angle is defined as the angle between the electrode wire 
and the deposited bead surface. 
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bead-on-plate test will give a sound weld in a 45°V 
joint. This may be explained when it is noted that the 
crater gouged by the arc in the bead-on-plate test 
leaves a wall ahead of the arc from which the deposited 
metal washes backward as the arc progresses. In the V 
joint this wall is not present, and it is only when the 
penetration is greatly increased that such a wall can 
exist. This mechanism explains the sound start of an 
otherwise puckered weld, as shown in Fig. 1. 

Wire diameter and composition 

The use: of a large diameter electrode would be 
expected to have an effect on puckering if the defect 
were a function of current density in the wire 
(amp/sq.in. cross section). Table I gives the results of 
bead-on-plate tests using ; in. and 4 in. dia. N6 
wire. Although the cross-sectional area of the wire has 
been increased by 2} times the currents at which 
puckering occur are similar. These results indicate that 
there is no significant connection between puckering 
and current density in the wire. 

The tests reported in Table II compare the puckering 
currents for 4 in. dia. N6 and IC aluminium wires in 
the bead-on-plate test using torch angles of 80°, 90°, 
and 100°. 

The IC pure aluminium puckers at some 50 amp 
lower than the N6 alloy when the torch is directed at 
90° and 80°, but when the angle becomes backhand at 
100° the puckering current is the same for each 
material. These differences are hardly significant 
however. 


Arc voltage 

It is difficult to determine whether arc voltage by 
itself has any effect on the incidence of puckering. 
Investigations at the E.R.A.* suggest that at very low 
arc voltages (e.g., 16 V) sound deposits can be made at 
welding currents that would normally result in pucker- 
ing. At these voltages normal welding arc conditions 
do not exist, however, and marked short circuiting and 
spatter occur. 

In practice, an operator may find that if puckering 
appears in a weld bead lengthening of the are will stop 
the defect. Conversely, the defect may occur, without 
changing the current setting, if the arc voltage is de- 
creased. The explanation for this occurrence is not in 
the voltage change but in the associated change in 
current that occurs with a drooping characteristic 
power source. This effect is illustrated in Fig. 4, a 
tracing of the voltage and current records of tests in 
which the voltage was first raised by decreasing the 
wire feed rate and then decreased by the reverse pro- 
cedure; as the voltage increased (with the current setting 


Table I 
Effect of wire composition on puckering 





Current, Torch angle 


amp 100 90 80 

N6 IC N6 IC N6 IC 
250 S S Ss Ss S S 
300 P P S P Ss S 
350 P P P P S Ss 
400 P P P P S P 
450 P P P P P P 





S=Sound; P= Puckered 
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5—-Sectional and interior view of nozzle shown in Fig. 6 


on the transformer-rectifier set remaining unchanged) 
the welding current fell from 440 until at 400 amp 
puckering was not observed. On re-striking the arc and 
decreasing the arc voltage the current rose, and at 
420 amp puckering again occurred. 
Gas coverage 

The use of a larger gas nozzle can raise the current at 
which puckering first occurs in the bead-on-plate test. 
For example, under identical test conditions puckering 
occurs at 350 amp with a 3 in. dia. nozzle but not 
until 400 amp with a j in. dia. nozzle. Although the 
larger nozzle can reduce the risk of puckering at 
currents around 400 amp a further increase in diameter 
will not prevent puckering at 500 amp. 


EXPERIMENTS WITH IMPROVED ARGON SHIELDING 
Design of nozzles 

Consideration of the weld pools and craters of 
puckered welds suggested that air was being entrained 
round the leading edge of the weld pool, so that oxide 
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was formed at a considerable depth in the weld bead, 
preventing wetting and resulting in deep oxide folds 
(Fig. 2). It was thought that if the ingress of air was 
prevented and oxide formation eliminated a coherent 
weld bead would be produced. Clearly, better all- 
round protection from the atmosphere was required 
but the shielding of the leading edge was particularly 
important. 

A nozzle giving all-round protection as used by the 
authors is shown in Figs. 5 and 6. It consists of an 
annular shield, which permits additional argon to 
flow around the primary argon nozzle. High-velocity 
gas streams, which might produce turbulence and cause 
air entrainment, were avoided by the diffuser system of 
gauze and quartz wool. Water-cooling coils were 
necessary round the wall of the container owing to the 
excessive arc radiation at the high current being used. 
It was also necessary to protect the gauze diffuser with 
a perforated copper disc soldered to the water-cooled 
walls to provide adequate cooling. The perforating 
holes were + in. dia. and were arranged radially to 
provide a minimum of obstruction to the passage of 
heat to the periphery. 

The argon flow rates necessary for satisfactory 
shielding were established by bead-on-plate tests. A 
constant 65 cu.ft/hr flow through a } in. nozzle was 
used as the primary argon supply, and the secondary 
argon supply was decreased in steps from 120 cu.ft/hr 
to zero to determine the start of oxidation. This 
occurred when the secondary flow rates were reduced 
to 30 cu.ft/hr, and consequently 50 cu.ft/hr was used as 
the standard flow for the test welds. It was not possible 





6—Original high-current welding nozzle being used to make a 
test weld at more than 500 amp 
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to omit the primary argon and to run on increased 
secondary argon flow of 120 cu.ft/hr without en- 
countering puckering. 

Using the special nozzle, | in. thick pure aluminium 
plate was satisfactorily butt welded at 500 amp in two 
passes, at a welding speed of 12 in./min per run. A 
test plate is shown in Fig. 7. Square close butt welds 
in 4 in. plate were made at 500 amp with one pass on 
both sides at 24 in./min and gave excellent inter- 
penetration. 

In contrast to the erratic are conditions associated 
with puckering, the are at 500 amp under the special 
shield was steady, and voltage and current records 
were smooth. This may be because the arc is operating 
in an argon atmosphere and not in an atmosphere 
subjected to the irregular admixture of air. It is well 
known that traces of air in the argon shield caused by 
draughts result in a marked reduction in the arc length 
and voltage. Although the entrainment of air aggra- 
vates the situation it seems probable that the tendency 
for entrainment results from the severely digging arc, 
which is not influenced by the extra shielding. 


Joint edge preparation 

The higher currents made possible by using the 
special nozzle made it necessary to modify the usual 
edge preparation. A wide angle V with a root radius 
cannot be used at 500 amp because the arc ignores the 
faces of the joint and burns through the root. A 30 
included angle V with a 4 in. root radius was tried, 
but after 2 in. of the joint had been completed accumu- 
lated spatter had formed a small nugget ahead of the 
arc in the V. When the arc subsequently passed over 
the nugget a hump was formed on the bead surface 
and lack of fusion in the root occurred. This difficulty 





7—Butt joint in 1 in. thick pure aluminium made at 500 amp and 
12 in. min, using a high-current nozzle 
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was eventually overcome by using the 30° included 
angle but without the root radius. With this narrow 
angle, spatter is immediately trapped in the root of the 
V and is consumed by the arc. Because of the extra 
argon shroud this spatter is not oxidized and good 
root fusion is obtained. The joint shown in Fig. 7 was 
made with this 30° included angle edge preparation 
and a } in. root face with a good fit up. 


Properties of welded joints 

The properties of butt joints made using the new 
nozzle do not differ appreciably from those obtained 
with conventional nozzles. Results of tests on the 
former joints are given in Table III. 


Table Hl 


Mechanical properties of 1 in. butt joints made with the high 
current nozzle 





Plate Filler UTS. Elong. Fracture Joint 
tons/sq.in. on 5 in., Efficiency, 
NPS 6 N6 17-5 19-0 Weld 97 
Parent Metal 18-0 30:0 — 
H10 WP N21 14-4 2-0 Weld 71 
Parent Metal 20-3 13-5 -— 



































8—Another version of a high-current welding nozzle 


It should be noted, however, that the use of a high 
current welding technique inevitably means that the 
weld bead is subjected to greater dilution than in con- 
ventional methods of joining thick plate by multi-pass 
methods. 


Developments in nozzle design 

The nozzle illustrated in Fig. 6 has been operated 
satisfactorily up to 650 amp but at higher currents the 
bead appearance indicated that oxidation was occur- 
ring. A larger nozzle 3 in. wide and 44 in. long was 
made to cope with Ligger weld pools, but even with a 
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9—High-current nozzle fitted to a commercial welding head 


secondary argon flow of 150 cu.ft/hr the weld beads 
showed signs of oxidation, and it was concluded that 
this size of secondary argon shield was not being swept 
satisfactorily. 

A nozzle of recent design with a number of special 
features is shown in Figs. 8 and 9. These include im- 
proved water cooling and smaller internal volume to 
reduce purging time before commencing a run. In- 
stead of enclosing the weld area in a box the protective 
argon is made to pass between the surface of the work 
and the distributing plate at the base of the nozzle. 
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This plate is detachable and could be shaped to fit 
curved surfaces, as for example in welding a cylinder. 
Secondary argon is introduced to the space between 
the work and the plate through a ring of holes at the 
base of the water-cooled conical shield. 

One of the difficulties in using an auxiliary nozzle is 
that it is impossible to view the arc so as to check 
welding conditions or alignment. In an attempt to 
overcome this difficulty a sighting tube was inserted in 
the front of the nozzle. It was hoped that the sealing 
glass would be far enough away from the arc to be safe 
from heat and spatter. An inlet tube for argon was 
arranged close to the sealing glass so that the sighting 
tube could be purged of air and kept free from fume. 
In practice the performance of the sighting tube has 
been limited by spattering of the glass and it is eviden 
that repositioning of the tube is necessary. 


CONCLUSIONS 


The main difficulty in the high-current welding of 
aluminium is the occurrence of puckering at welding 
currents of about 400 amp. Although certain variables 
have been shown to raise the current at which pucker- 
ing occurs in the weld none of these techniques can 
prevent puckering or some oxidation at over 500 amp. 

The defect has been shown to result from the en- 
trainment of air at the leading edges of the weld pool, 
and special nozzles have been developed enabling 
satisfactory welds to be made at currents much in 
excess of 500 amp. This welding technique has resulted 
in a high welding speed and simplified edge prepara- 
tion, which contributes to economy by saving wire. 

An incidental advantage of the nozzle is that it 
screens the welding operator from the very bright 
high-current are and greatly reduces the risk of ultra- 
violet burns and ‘arc-eye’. 
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BOOK NOTICE 
SAFETY IN WELDING AND CUTTING 


Standard Z49.1, American Welding society, Price $2.00. 

This is a revised edition of the American Standard first 
published in 1950. 

The changes in the sections dealing with gas welding and 
cutting are not extensive. The recommended basis for the 
calculation of explosion venting area in generator houses has 
been amended from | sq.ft of vent area per 20 cu.ft of room 
volume to a value of 10°, of the combined areas of the enclosing 
walls. Where fuel gas cylinders are connected as a unit inside a 
building the recommended maximum aggregate capacity has 
been increased from 2000 to 3000 cu.ft of gas. 

Since the first issue of the Standard, inert-gas shielded welding 
has come into greater prominence, and this is reflected in the 
extensive revisions to the section dealing with the application 
and operation of arc welding and cutting equipment. 


Health protection measures are given increased attention in 
this edition, and it is interesting to note that in connection with 
the welding and cutting of toxic substances, considerable 
importance is obviously attached to the carrying out of “atmos- 
pheric tests under the most adverse conditions” to determine 
whether “the workers’ exposure is within the acceptable con- 
centrations defined by the American Standards Association or 
the American Conference of Governmental Industrial Hygien- 
ists’. It is surprising, however, that there is no specific mention 
of the hazard to health which may be caused by the ozone 
produced during the inert-gas shielded welding of certain metals 

Advantage has been taken of the revision to improve the 
clarity of the text by the use of a bolder style of type. 


D. E. Hickisu 
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He factors aftecting gas coverage provided by round nozzles 
have been examined, and their significance is critically assessed. 
Phe connection between welding speed, cooling rate, and bead 
width is discussed in relation to the coverage required to 
prevent weld bead discoloration. 

From data obtained, a multiflow nozzle has been designed 
for manual ‘open air’ welds in up to 14 s.w.g. titanium sheet 

Tests made with this nozzle fitted to a commercial air 
cooled torch have shown that it provides adequate coverage 


and has sufhcient flexibility, from the operator's standpoint, 


tor various types of joint. 
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Manual ‘Open Air’ 
Welding of Reactive 
Metals 


THE GAS SHIELDING PROBLEM 


By J.C. Borland, L.1.M. 


HE MARKED embrittling effects of oxygen and 
nitrogen on the properties of reactive metals, 
such as titanium and zirconium, are well-known 
and thus the ductility of fusion welds in these materials 
depends primarily on the extent to which air can be 
excluded from the joint during fusion. Up to the 
present time the most reliable method of producing 
ductile welds has involved the use of a special 
chamber or cabinet!:? filled with inert gas to give the 
high degree of protection required. Equipment of this 
type, however, in addition to being expensive, limits 
the size of work that can be fabricated and restricts 
the duty cycle; there is thus a need for the develop- 
ment of acceptable ‘open air’ techniques with which 
this paper is concerned. 

Since torch nozzle design is a governing factor here, 
the problem was approached from this viewpoint. A 
study was made of the factors affecting the degree of 
gas coverage provided during welding to obtain design 
data for a type of nozzle fulfilling shielding require- 
ments and yet sufficiently compact in size to permit the 
freedom of torch movement necessary in manual 
welding. The principal factors investigated were: 

(i) Argon flow rate 
(ii) Nozzle dimensions 
(iii) Nozzle-work distance, and 
(iv) Welding speed. 
The results reported relate mainly to titanium but the 
information obtained should be largely applicable to 
the welding of other reactive metals. 

The data obtained have enabled a nozzle of suitable 
size and coverage characteristics to be designed for 
manual welding titanium up to 14 s.w.g. without con- 
tamination. Details are given of its design and of the 
tests carried out to assess its performance. 


FLOW DYNAMICS 
Within the nozzle 
It is essential that the shielding gas does not issue 
from the torch nozzle in a turbulent manner, otherwise 
air entrained at the free jet boundary (see Fig. 1a) is 
quickly transported across the stream, causing con- 
tamination during welding. 





and W. G. Hull, F.1.M. 

















(a) (bd) 

ELECTRODEY FREE JET 

DISTANCE OUNDARY 
OZZLE-TO-WORK ARGON 
DISTANCE CORE 


leNcTHY Z, TURBULENT 


YM KNNULUS 
COVERAGE AIR 


1— Aspects of gas coverage: 
(a) Downhand welding (torch at 90°); 
(4) entrainment of air into argon shield 


TRANSITION 
REGION 


At distances near to the inlet of a pipe the velocity 
profile at the cross-section assumes a characteristic 
flat form indicative of unstable flow conditions, but 
with increasing distance the velocity at the centre of the 
pipe axis increases; with pipes of sufficient length 
(about 40-50 internal diameters) the profile becomes 
approximately parabolic and the flow will be ideally 
stable. With conventional welding torches there is 
more chance of a change from laminar to turbulent 
conditions since there is usually insufficient nozzie 
length to allow completely stable conditions to be 
established. 

The onset of turbulent flow for a circular conduit 
occurs when the Reynolds number (R), based on the 
diameter of the conduit, the velocity, and the kine- 
matic viscosity (viscosity/density) of the gas exceeds a 
critical figure. The exact value is somewhat dependent 
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on entrance effects at the inlet, but is generally accepted 
as 2,300. For numbers higher than this, small turbu- 
lent motions grow in strength and lead to a general 
turbulence within the system. The Reynolds number 
may be formulated thus: 

R=du/\ nhbuy , 
Reynolds number = 2,300 


where R 
d dia. of nozzle, ft 
u average velocity, ft sec 
’ kinematic viscosity, sq.ft/sec 


In terms of flow rate (cu.ft/hr) this expression trans- 
poses to: 


QO = 13-006 rv = 10° ssn eae cae 
where Q = argon flow, cu.ft/hr 
r radius of nozzle, ft 


The physical properties of argon together with those of 
helium and air are given in Table I. 


Table I 


Physical properties of shielding gases and of air 
(at 70 F and 1 atmosphere) 








Property irgon Helium Air 
Density, lb/cu.ft 0-1034 0-0103 0-0749 
Specific heat, B.t.u./Ib °F atc.p. 0-125 1-250 0-241 
Viscosity, 10° Ib ft/sec 1-484 1-238 1-175 
Therma! conductivity, 

B.t.u. hr ft °F 0-0097 0-084 0-0149 
For a ¢ in. dia. nozzle turbulent flow starts at 


approximately 29 and 244 cu.ft/hr for argon and 
helium respectively. For a 4 in. dia. nozzle, using 
argon, turbulent flow commences at about 38 cu.ft/hr 
and for nozzles of larger diameter turbulence occurs at 
higher flow rates as indicated by equation (2). Since 
kinematic viscosity increases with temperature rise, 
higher flows can be established without incurring 
turbulent conditions. 


In the atmosphere 

The flow dynamics of a laminar stream of argon into 
the atmosphere at rest is important since the extent of 
air entrainment directly influences the gas coverage. 
In the following discussion, it is assumed that no weld- 
ing is taking place. The effect of the arc on gas cover- 
age is discussed on p. 429. 

The gas coverage provided by a laminar stream of 
argon impinging on a flat plate, as shown in Fig. la, 
depends on the following factors: 


(i) Physical properties of argon and air 
(ii) Nozzle diameter 
(iii) Nozzle-to-work distance 
(iv) Argon flow rate. 


The axially-symmetric jet of gas issuing from the 
circular orifice entrains some of the surrounding air, 
thus increasing the total flow with increasing distance 
from the orifice.* A jet which leaves under a high 
velocity remains narrower than one having a low 
velocity, and thus for the same volume of flow the 
latter carries with it more of the surrounding atmo- 
sphere at a given distance than would be obtained 
with a high velocity jet. For argon issuing into a free 
atmosphere, it is expected that the volume of flow 
(argon +-air) will be slightly less than it would be for 
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air into air. This factor will, however, become un- 
important in welding, since heat from the arc probably 
decreases the argon density so that the ratio argon- 
density/air-density drops from its original value of 
about 1-4 to about unity. On this assumption then the 
problem can be treated as for gases of equal density. 
With helium, however, the problem is more complex, 
since the density ratio is 0-14, i.e., one tenth of the 
argon/air value. 

The inner core for the fully developed jet, as 
shown in Fig. 1b, extends up to 4-5 nozzle diameters 
from the nozzle exit, and the full jet velocity 1s main- 
tained at the axis up to this point. Kuethe,* for in- 
stance, reports that the core region (air into air) 


Table I 
Critical flows for various nozzle diameters 





Nozzle dia. R=2,300 R=1,000 

in. Argon flow, Critical Argon flow, Critical 
cu.ft hr velocity, cu.ft hr velocity, 

ft min ft min 

0-375 29-14 633-6 12°67 275°5 
0-500 38-87 475-2 16°83 2066 
0-625 48-60 380:1 21-13 165-2 
0-750 58-33 316°8 25-30 137-7 





extends up to 4-44 diameters. For the short nozzle-to- 
work distances involved in welding, the velocity at the 
moment of impact on the workpiece can be considered 
as that of the jet exit velocity. 

Turbulent flow for the free jet occurs® when the 
Reynolds number, based on nozzle diameter, exceeds 
about 1000. Thus, modifying equation (2) to suit gives 
the expression: 

O=5-656 rv « 10° te 
As shown later, for short nozzle-to-work distances 
higher flows than forecast by this equation are ob- 
tained before severe turbulence sets in, since a short 
period of time must occur before the laminar flow from 
the conduit adjusts itself to its new environment. At 


(3) 
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large nozzle-to-work distances, however, the flow 
becomes turbulent at flows indicated by equation (3), 
because the time involved in travelling the extra dis- 
tance is sufficient for the stream to lose its conduit 
properties. The distances involved have been deter- 
mined experimentally and are discussed later. Table II 
shows the effect of nozzle size on the critical flows in- 
dicated by equations (2) and (3) whilst Fig. 2 shows 
the nozzle-velocity relationships. 


GAS COVERAGE 

Gas coverage may be defined as the area on the 
workpiece from which air is excluded by the shielding 
gas. However, in welding reactive metals, coverage 
length is a more important consideration, and thus for 
work dealing with circular nozzles the coverage ob- 
tained is reported as a diameter. 

As shown in Fig. la, the main factors affecting gas 
coverage under static conditions, with the torch 
normal to the workpiece, are (i) argon flow rate, (ii) 
nozzle diameter, (iii) nozzle-to-work distance, and 
(iv) arc length. It is assumed that no filler metal is 
added and that disturbances such as draughts are 
absent. 

Measurements of gas coverage were obtained using 
nozzles of 4 in. and } in. dia. only, since results for 
3 in. and & in. sizes have already been obtained by 
Gibson.® The technique adopted was the fused spot 
method described by this author, in which the arc is 
maintained for a pre-set period until a fused spot is 
produced with full penetration through the sheet. 
After the arc is extinguished, the gas flow is continued 
until the workpiece has cooled. The gas coverage is 
then indicated by the unoxidized area round the spot. 
Although Gibson used titanium as the test material, 


02 03 04 05 06 07 

















" non en 
50 f (a) = | qth 
Stable $ 
30} 
Unstable 
< 10 
£ i ai + +. + i‘ a ie + i 
* O1 02 03 04 05 
~ Ff ARC LENGTH, in 
<5 !00F (b) 
= 1 - Stebl 
q able 
$ 80] 
S 60+ Unstable 7 
oe | J 
Cc 
* 40} ; 
20 











02 03 04 05 06 O07 
NOZZLE / WORK DISTANCE, in. 


3—Effect of argon velocity on arc stability (j in.—} in. nozzles): 
(a) + in.—} in. are length; (5) electrode protruding 0-2 in. 





429 


it was felt that since the oxides are soluble at high 
temperatures the clear zone would not necessarily 
indicate the true coverage area. This disadvantage is 
not apparent with stainless steel, the oxidation rings 
being quite clearly marked, and this was selected, 
therefore, as the test material. A current of 50 amp 
and an arc gap of | in. were used throughout the tests. 


Effect of thermal disturbances 

In the limiting case of zero velocity, the argon is 
heated uniformly on all sides to a very high tempera- 
ture by the arc. It is therefore displaced very quickly, 
allowing ingress of air which causes arc instability. At 
very low velocities the argon is still heated appreci- 
ably, but the influence of the arc does not now extend 
so far outward, and at some definite velocity the arc 
becomes stable owing to less air entrainment. With in- 
creasing velocity, the high temperature zone within the 
gas stream shrinks more and more into a narrow zone 
in the vicinity of the arc. Thus, with low argon flows, 
the thermal disturbances extend to the boundary of the 
pure argon stream giving rise to entrainment of air, 
but at higher velocities the disturbances are more con- 
fined around the arc with less possibility of air en- 
trainment. 

Figure 3 shows results obtained by observing the 
minimum gas velocity at which the arc becomes stable. 
The effect of nozzle-to-work distance is shown in 
Fig. 3a for nozzles $-} in. dia. and for are lengths, as 
shown in Fig. 35 up to 0-35 in. As the nozzle-to-work 
distance is increased, greater velocities are necessary to 
offset the entrainment of air. Increasing the nozzle 
diameter necessitates higher gas flows to maintain the 
same velocity. Thus, for an arc length of 0-125 in. and 
a nozzle-to-work distance of 0-50 in. the arc is unstable 
below a velocity of 50 ft/min, which for a } in. nozzle 
corresponds to a flow of 4 cu.ft/hr. With a } in. nozzle, 
the minimum flow rises to 9 cu.ft/hr. 

The effect of lengthening the are gap is to increase 
the effective diameter of the arc root on the workpiece, 


4—Effect of nozzle dia. on gas coverage 
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thus demanding a higher argon flow. In addition, 
because of the increased arc length, the argon remains 
in contact with the high temperature zone longer and 
tends to become hotter. 


Effect of nozzle diameter 

The coverage for } in. and ? in. dia. nozzles at a work 
distance of 3 in. is shown in Fig. 4. The minimum flows 
for arc stability are also shown, corresponding 
approximately to 2-5 and 5-5 cu.ft/hr respectively. A 
shielding efficiency of unity was obtained at about 
5 and 11 cu.ft/hr, i.e., twice that required for a stable 
arc. The coverage increased up to a maximum of 
0-80 in. and 0-88 in. for argon flows of 25-29 and 
about 23 cu.ft/hr respectively. The latter value is con- 
sistent with the limit of laminar flow for this nozzle, 
but the value for the 4 in. nozzle exceeds the corre- 
sponding critical flow by 8-12 cu.ft/hr. 


Effect of nozzle-to-work distance 

The coverage for the } in. nozzle at three work 
distances is shown in Fig. 5. Shielding efficiencies of 
unity were obtained at approximately 5 cu.ft/hr for a 
work distance of $ in. and 7 cu.ft/hr at » in. A maxi- 
mum coverage of 0-80 in. and 0-73 in. was obtained at 
25—29 cu.ft/hr and 20-25 cu.ft/hr respectively. Further 
increase in gas flow produced less coverage because of 
the greater turbulence created. Increasing the nozzle- 
to-work distance resulted in less coverage owing to the 

ger argon shield length, which allowed a greater 
> of air entrainment. 


legree 
Effect of Reynolds number 
By plotting coverage against |/ R the graph shown in 
Fig. 6 is obtained for 3 in. and 3 in. nozzles. At values 
R of about 1,000 and 750 respectively, a break in the 
linear relationship occurs, the transition region sug- 
sting a change from laminar to turbulent flow. For 
} in. nozzle, transition occurs at about 1,000. It 
suld thus appear that the assumption that the jet 
remains laminar up to R=1,000 is valid for smaller 
yzzles, but for the larger nozzles the arc is creating 
large thermal disturbances in the argon stream at 
lower flows. This is not surprising since, as the nozzle 
diameter is increased, the velocity at which the argon 
stream becomes turbulent decreases, and thus the 
effects of the thermal disturbances caused by the arc 
ire greater. For instance, with the largest nozzle, the 
are was unstable at velocities below about 40 ft/min 
at a work distance of 3 in., and increasing the velocity 
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to 138 ft/min was sufficient to create turbulent flow 
conditions. 

The coverage obtained at R=1,000 and R=2,300 
and the maximum coverage obtainable are summarized 
in Table III. The data for the 2 in. and 2 in. nozzles 


are taken from Gibson’s paper.* 





Table Il 
Effect of Reynolds number on gas coverage for a stationary 
torch 
Nozzle-to-work Nozzle Coverage, in. Maximum 
distance, dia. R=1,000 R=2,300 coverage 
nm, m 

FA 0-375 0-65 0-78 0-79 

0-500 0-81 0-82 0-88 

0-625 0-94 0-95 0-96 

0-750 1-02 0-75 1-02 

: 0-375 0-58 0:74 0:76 

0-500 0-76 0-72 0-80 

0-625 0-82 0-74 0-82 

0-750 O-88 0-65 0-88 

rc 0-375 0-53 0-62 0-62 

0-500 0-70 0-62 0-73 

0-625 0-75 0-55 0:75 

0-750 0-79 0-53 0-79 





7—Argon flow characteristics. (Numbers refer to argon flow, 
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From Table III three flow regions exist in which the 
maximum coverage is obtainable as depicted in 
Fig. 7. In region A the maximum coverage is obtained 
for R 2,300, in B for R=1,000-2,300, and in C for 
R=<1,000. 

Thus for some combinations of nozzle size and 
work distance maximum coverage may be obtained for 
flows in excess of the critical flow for the free jet, and 
also even when the critical flow for the conduit has 
been exceeded. The reason for this is probably the 
closeness of the nozzle to the workpiece. As _ this 
distance is increased, the flows at which maximum 
coverage starts to decrease are lower, as shown in 
Fig. 7, and when the separation is sufficiently great the 
effects of the free jet characteristics are imposed. 

If it is assumed that the coverage is a function of 
(i) Reynolds number, (ii) nozzle diameter d, and (iii) 
nozzle to work distance x, a number of interesting 
relationships are apparent. For instance, if the cover- 
age obtained at R=1,000 is plotted against the ratio 
x/d, as shown in Fig. 8, then for the two smaller 
nozzles extrapolation to zero coverage intersects the 
abscissae at 5-75. This value can be compared to 
4-5 which is the number of diameters from the nozzle 
exit at which the transition region is reached for the 
turbulent air jet. Results for the two larger jets do not 
show this agreement, the transition region being 
reached at 3-2 diameters for the 3 in. nozzle and 2-5 
diameters for the } in. nozzle. (This extrapolation is 
omitted from Fig. 8 for clarity.) The fact that the 
distance to the transition region is shortened means 
that in practice more air entrainment occurs than 
would be predicted at any given work distance with a 
corresponding reduction in coverage. This effect is 
probably due, as explained previously, to thermal 
disturbances created by the arc. 

The distance to the transition region, however, can 
be lengthened by surrounding the inner flow with a high 
velocity annular curtain of argon to stabilize the jet 
boundary layer. The beneficial effects of this arrange- 
ment On gas coverage have been shown in experiments 
with a | in. dia. nozzle. 

Shielding efficiency 

Shielding efficiency is the ratio of gas coverage area 
to the area of the torch nozzle orifice. 

The shielding efficiencies of various nozzles at 
argon flows where R= 1,000, and also where maximum 
coverage is obtainable, are shown in Fig. 9. In addi- 
tion, the flows at which unity shielding efficiency is 
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obtained are included, since they represent the lowest 
flows recommended for welding. The maximum 
shielding efficiencies are given by the smallest nozzles 
because of the higher velocities obtained. For the } in. 
nozzle at work distances greater than 3 in. there is no 
distinct advantage in using higher flows than those for 
R=1,000, since the gain in coverage is only slight. 
This also applies to the 3 in. nozzle at # in. work 
distance, whilst for longer work distances no gain in 
coverage is obtained for flows greater than R= 1,000. 


SHIELDING REQUIREMENTS DURING WELDING 

The coverage produced by the moving torch is the 
same as that obtained for the stationary torch. Since 
the shielding of the cooling bead is of importance, the 
coverage of main interest here is the distance C,, be- 
tween the electrode and the periphery of the argon 
shield at the rear of the torch. For a circular nozzle, 
C,=C/2 where C is coverage diameter. 

Consider a torch moving at speed s producing a 
weld of width 6 with argon protection to the weld 
bead denoted by C,. Titanium at temperature 7, 
above which a straw colour develops, and not pro- 
tected by the argon, will oxidize and show discolora- 
tion on the surface of the weld bead and adjacent 
areas, but metal above temperature 7, and protected 
by argon will remain bright after welding. There exists 
a relationship between welding speed, coverage 
diameter and time taken to cool down to below 
temperature 7, which determines whether or not the 
bead will be discoloured. 

For no discoloration to occur 


CL st, 


t, time for weld metal to cool below T7,, sec 
s speed of welding, cm sec 


Making a weld under conditions where the coverage 
is known, it is possible, by adjusting the welding speed, 
to find a condition where a straw colour is developed 
on the cooling weld bead because of lack of shielding. 
The bead will remain bright at a slightly slower speed. 
The time ¢, is readily calculated by substituting Cy, in 
expression (4). 

Using heat flow equations developed by Roberts 
and Wells,’ it is possible to determine the value of 7, 
and thus to develop equations predicting the coverage 
required for various bead widths, thicknesses of 
material, and welding speeds. For the two-dimensional 
case, 7, is calculated from the expression :? 





b? [ (Tm\* (Ssb/4a) +2 
t= — [ (7 ) | 7 el EE (5) 
where 5 bead width, cm 
a = thermal diffusivity =0-062 sq.cm sec For 
. . \ ¢ 
lo melting temperature = 1700°C. J eltnnieme 
s = welding speed, cm,sec 


Using 0-028-0-064 in. thick commercially pure 
titanium sheet, a value of 850°C.+25° for 7, was 
obtained for a coverage of 0-50 in. at 4 in./min. Since 
the product s.f, increases with welding speed, extra 
shielding is required for higher welding speeds. To 
weld at 8 in./min, for instance, the coverage must be 
almost 0-75 in. 

An estimation of the required coverage for various 
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welding speeds can be made by combining expressions 
(4) and (5): 


Cy 2 [(sbia) 1-6| [ T/T | 


Figure 10 shows the required coverage for various 
bead widths at different welding speeds, as calculated 
from the above expression, whilst Fig. 11 indicates the 
shielding required for various thicknesses of material. 
Since the values for Cy, are derived by considering two- 
dimensional heat flow, this implies an over-estimation 
for the thicker material, where three-dimensional heat 
flow equations describe the cooling cycle more accur- 
ately. Where multipass runs are involved, the final pass 
will cool more slowly than predicted owing to pre- 
heating by previous passes. This will tend to lessen the 
margin of safety given by over-estimating the shielding 
requirements. 

Since the heat flow calculations take no account of 
elongated molten pools, caution must be used in 
applying them to high welding speeds, e.g., 

> 12 in./min. If a straw colour is acceptable, then a 
greater speed can be achieved for a given coverage. 
This does not destroy the validity of the analysis, how- 
ever, but merely modifies the value of Cy. 


NOZZLE DESIGN 
In practice, a nozzle fulfilling the shielding require- 


ments for ‘open air’ fusion welds in reactive metals 


10—Relationship between required coverage and welding speed 
fer various bead widths 
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must be elongated in shape, because of the need to 
protect the cooling weld bead as well as the molten 
pool. Although large circular nozzles incorporating a 
high velocity annular gas stream might sometimes 
meet the requirements, the sizes involved generally 
preclude their use because of difficulties in mani- 
pulation. In addition, coverage is adverseiy affected by 
the working distances used in manual welding. With 
an elongated nozzle, it 1s possible to match the approxi- 
mate shape of the area on the sheet vulnerable to 
contamination, and this represents a considerable 
reduction in nozzle size over that for a corresponding 
round nozzle. Even so, a single-flow elongated orifice 
of suitable size to weld sheet up to 0-1 in. thick has a 
low critical velocity; it is also difficult to obtain uni- 
form gas flow over the entire cross-section, with the 
result that shielding performance is unsatisfactory at 
the working distances (}—} in.) used in manual weld- 
ing. These difficulties may be conveniently overcome 
by dividing the nozzle into two or more smaller 
compartments, one providing shielding for the elec- 
trode and weld pool, and the other giving protection to 
the cooling weld bead. The portion protecting the 
molten pool must be sufficiently large to protect also 
the hot regions at the side of and in front of the pool. 
The second compartment or trailing shield must be 
wide enough to give protection to the hot metal, on 
both sides of the weld bead, and of sufficient length to 
provide shielding to the solid bead down to the 
appropriate temperature. The relevant temperature for 
titanium is about 850°C., as shown previously. The 
minimum length of the trailing shield is determined by 
substitution of the appropriate values in equation (6). 
A design of nozzle suitable for manual welding up 
to 0-10 in. thick titanium is shown in Fig. 12. It is 
made to fit a commercial air-cooled torch. It has been 
constructed so that three argon flows to the torch can 
be independently controlled. A porous metal diffuser 
is fitted to the trailing section to provide a uniform gas 
flow. The main gas flow is separated from the trailing 
shield so that the molten pool may be protected by a 
high velocity flow from the $ in. dia. primary nozzle. 
The annular portion at the front sheds a curtain of 
high velocity argon to prevent oxidation ahead of the 
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12—Nozzle for ‘open air’ weiding 
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Table IV 
Mechanical properties of butt welds in 16 s.w.g. titanium sheet 
Tensile strength, tons/sq. in. Bend Hardness, D.P.N. 
Material Welding Method Limit of Elong., % M.B.R., Elong., Sheet Weld 
proportionality Ultimate on 1 in. Rit , | 
ICI-130 unwelded 22:2 27:3 34 0-7 55 A A 
OA-AW 20°8 25-8 27 1-5 29 | | 
OA-MW 21-2 26-4 26 1-6 27 | 
OA-MF* 21:1 25°6 29 — — 153-167 161-174 
OA-MF** 20-4 24:8 27 1-6 27 
chamber 22-3 26°8 27 1-5 29 ¥ v 
ICI-317 unwelded 51-6 54:6 19 3-0 15 A A 
(5°4Al-24°,Sn) OA-MW 48-3 53-7 13 3-3 14 | 
OA-MF* 49-2 54-6 14 — — 306-312 345-357 
OA-MF** 48-4 53-7 13 3-4 13 | | 
chamber 47-7 54:2 14 33 14 v v 





OA-AW Automatic without filler 
OA-MW Manual without filler 
OA-MF Manual with filler 


weld pool and also to give additional protection to 
filler wire when used. 

The overall coverage given by this nozzle at up 
to # in. work distance is 1-6 in., using argon flows of 
17 cu.ft/hr for the primary nozzle, 12 cu.ft/hr for the 
trailing shield, and 12 cu.ft/hr for the front annulus, 
i.e., a total consumption of about 40 cu.ft/hr. Where 
filler additions are not required the front flow can be 
omitted, thus reducing the total to about 30 cu.ft/hr. 
The coverage in this instance is 1-4 in. (C,=1-0 in.) 

Manual tests involving various types of joint in 
16 s.w.g. sheet have been carried out to assess the 
performance of the nozzle in terms of weld quality 
and ease of manipulation. The results have shown that 
bright uncontaminated welds including butts, fillets, 
and outside corner joints can be made in this thickness 
at speeds of up to 8 in./min. It is assumed that a 
similar performance would be obtained on thinner 
gauge sheet, since the coverage areas involved are 
smaller. The nozzle has shown adequate flexibility 
from the operator’s standpoint, except perhaps where 
fillet welding is concerned. This could be improved, if 
necessary, either by reducing the width or by using a 
shape approximating to that of the joint. 

Table IV summarizes the results of mechanical tests 
on ‘open air’ butt welds in 16 s.w.g. commercially 
pure and alloyed titanium sheet. 

The tensile specimen employed had a gauge width of 
0-25 in. and a parallel length of 1:25 in. For an 
assessment of bend properties a longitudinal bend test 
1-5 in. long by 0-75 in. wide was used. A width-thick- 
ness ratio of 12 was selected so that bending was 
carried out under plane strain conditions, and also to 
ensure that the width included weld metal, heat- 
affected zones, and parent material. 

These results show virtually no differences in 
properties between welds made manually in the open 
air and those made in the BWRA chamber? under 
carefully controlled atmosphere conditions. Tensile 
failure occurred each time in the parent metal. Weld 
metal ductility as indicated by longitudinal bend tests 
was also similar, irrespective of the welding method 
used. There were also no marked differences in hard- 
ness values. Although gas analysis figures are not 


* Reinforcement intact 
** Reinforcement removed 


available for the open air welds, it is assumed from 
these results that little or no contamination occurred. 


SIGNIFICANCE OF WELD SURFACE APPEARANCE 

Unless the special precautions, discussed previously, 
are taken when welding titanium in the open air, the 
weld joint may be discoloured, and in extreme cases be 
severely embrittled by absorption of atmospheric 
gases. It is, for example, quite possible for a bright 
weld bead, normally considered to indicate absence of 
contamination, to have absorbed detrimental amounts 
of gas as a result of inadequate shielding of the molten 
pool and from oxide films formed on the filler wire as 
it heats up or where it is inadvertently withdrawn from 
the argon stream. 

Thus, early tests with a ? in. single-flow nozzle 
showed that, although bright welds could be obtained 
in 16 s.w.g. sheet at 3 in./min, weld hardness had in- 
creased by 75 D.P.N., which suggested a significant 
increase in oxygen and nitrogen levels from inadequate 
coverage of the pool. As shown previously, a nozzle of 
this size has a low critical velocity and, in addition, it 
is difficult to obtain uniform gas distribution over the 
cross-section. This emphasizes the need for very 
adequate shielding of the pool and wire by means of 
high velocity flows from small diameter nozzles. 

The other case to be considered is the significance of 
discoloration produced on the weld bead behind the 
molten pool as a result of oxidation. The oxide films 
are usually very thin, giving interference colours vary- 
ing with increasing film thickness from straw to blue 
and purple. 

The relationship between surface film coloration 
and weld contamination has been studied experi- 
mentally by progressively decreasing the extent of 
argon coverage applied to the top of the cooling weld 
bead in 0-028 in. and 0-064 in. thick [CI—130 titanium. 
The weld pool itself was completely shielded. Micro- 
hardness measurements indicated that contamination 
was confined to the subsurface layers beneath the 
oxide film and did not extend to the midsection where 
macro-hardness measurements are usually made. No 
indication of the effect of surface contamination on 
joint properties was obtained by transverse tensile 
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tests, since failure invariably occurred in the parent 
sheet without any apparent deterioration in properties. 
But longitudinal bend tests, with the face of the weld 
in tension, revealed the loss in weld ductility produced 
by surface contamination, as shown in Table V. These 
results relate to welds in 0-028 in. thick sheet. 


Table V 
Effect of surface contamination on bend properties 





0-002 in. 
Weld Coverage, 1s welded Surface removed 
{ppearance in VW.B.R., Elong., M.B.R., Elonge., 
Rt 4 Rt pA 
Bright 0-80 1-5 29-0 1-5 29-0 
Blue 0-64 5-7 8-7 1-6 27:5 
Blue 0-54 6:5 8-0 1-6 27°5 
Purple 0-44 7-5 6-7 2:1 21-0 





They show that when the oxygen-enriched layer is 
removed the weld metal exhibits properties character- 
istic Of uncontaminated material. It is not suggested 
from these findings that surface contamination can be 
tolerated since, as already shown, the layer is brittle 
ind in cracking may lead to propagation of failure 
throughout the material. Rather, the aim should 
always be to produce welds having virtually no in- 
crease in the initial level of absorbed gas. However, 
where contamination has inadvertently occurred and 
is known to be confined to the surface, it might be 
permissible in certain circumstances to reclaim the 
weld by grinding. 


SUMMARY AND CONCLUSIONS 


fo avoid atmospheric contamination in ‘open air’ 
velding, adequate Inert gas protection must be given 
to the weld pool and adjacent high temperature zones. 
Che principal factors affecting gas coverage provided 
by a nozzle are (a) gas flow pattern, (4) orifice size, 
) argon flow rate, (d) nozzle-to-work distance, and 
) welding speed 





|) The first requirement is that the flow within the 
nozzle should be laminar, since turbulence will 
lead to increased air entrainment in the free jet. 
For laminar flow within the nozzle the Reynolds 


apparently handled with less trouble than 
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number should be less than 2,300, whilst for the 
free jet this should not exceed 1,000 with nozzles 
larger than § in, dia. 

(2) Air entrainment into the argon stream between 
nozzle and work piece will occur even with laminar 
flow but is reduced by: 

(a) Increasing the gas velocity up to the critical turbulent 
velocity for a given nozzle size 

(+) By increasing the nozzle size at any given velocity below 
critical 

(c) By reducing the nozzle-to-work distance. 

Since critical velocities fall sharply with increasing 

nozzle size, this implies that at the working dis- 

tances used in manual welding shielding efficiency 

is higher with small nozzles. An exception to this 

is where a large nozzle is provided with a separate 

high-velocity annular gas siream. 

(3 


— 


Air entrainment may be further increased by the 
effect of thermal disturbances created by the are 
but is reduced by: 

(a) Increasing the argon velocity 

(b) Shortening the arc length or nozzle-to-work distance 


The relationship between welding speed, cooling 
rate, and bead width determines the coverage re- 
quired for welds in various thicknesses of material, 
and is significant in relation to nozzle size and 
design. 

From the data obtained a multiflow nozzle has been 
designed for manual ‘open air’ welds in up to 14 s.w.g. 
titanium. Tests made with the nozzle fitted to a com- 
mercial air-cooled torch have shown that it provides 
adequate coverage and has sufficient flexibility from 
the operator's standpoint for various types of joint. 
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joints, and accompanied by 


illustrations 


A film “Tubular Engineering” made for 
Tubewrights Ltd., shows some interesting 
examples of site-welded tubular-steel struc- 
tures recently erected in the U.K. A bow- 
string bridge across the river Aire, part of 
the conveyor system at Ferrybridge power 
station, was entirely welded on site and 
winched across the river in less than two 
hours. 

Site welding of tubular structures is 
facilitated by their comparatively light 
weight, and this is evident in the sequence 
of the film where sections of the conveyor 
gantry system at Willington power station 
are shown being welded on site in extremely 
cramped conditions yet the sections are 


might be expected with standard rolled 
secuions 

The film is available through branch 
offices of Stewarts and Lloyds Ltd., 
although overseas borrowers should apply 
to the export department of the head office 
in Glasgow. 


New British Standards 

The following Standards have recently 
been issued by the British Standards 
Institution, 2 Park Street, London W.1: 
B.S. 499C: 1958 — Wall Chart of Welding 
Symbols. A collection of welding symbols 
reproduced from B.S. 499, denoting the 
type, size, and position of welds in welded 





showing examples of their use. Price 6s 
mounted and varnished; 3s. unmounted 
and not varnished 

B.S. 2996: 1958 — Projection welding of low 
carbon wrought steel studs, bosses, bolts, 
nuts, and annular rings. One of the series of 
process standards, relating to the projection 
welding of the items in the title to plate, 
sheet, strip, and tube. The material and 
design of electrodes and inserts, welding 
procedure and inspection, methods of 
testing and test results to be achieved are 
all specified. An appendix lists a number of 
operating conditions applicable to both 
power-operated and pedal-operated mach- 
ines. Price 4s. 

















and Announcements 





News of the Institute and Branches 
B.W.R.A. + Other Societies 


and Industry 


INSTITUTE ACTIVITIES 


Annual General Meeting 1958 


The 35th Annual General Meeting of the Institute was held at 54 Princes Gate on 17th 
July. The report of the Council for 1957-58, together with the Statement of Accounts, was 
received, after which the results of the election of Honorary Officers and Council for 1958-59 


were announced 


Sir Charles Lillicrap, the retiring President, then invested Mr. John Strong, his successor, 
with the Presidential Badge and asked him to take the Chair. A very hearty vote of thanks 
was accorded to Sir Charles on the motion of the President, who spoke of the memorable 
achievements and progress of the Institute during the two years of Sir Charles’s Presidency 

At an Extraordinary General Meeting preceding the Annual General Meeting a number of 
amendments to the Articles of Association of the Institute were unanimously adopted 


Metal Spraying 


The Council of the Institute has recently approached a number of its Industrial Corporate 
Members, who are known to be concerned with the various metal spraying processes, asking 
whether they would be willing to help the Institute to extend its interests into this field of 


technology 


During the coming session several Branches will be including lectures on metal spraying 
in their programmes. It is hoped to attract to membership of the Institute companies and 
individuals interested in*metal spraying technology, and the Council at its meeting in July 
made provision for the appointment of metal spraying experts to the Technical Committee 


and the Membership Committee 


FORTHCOMING MEETINGS 


Evening Lecture 

Members are reminded that on 24th 
September Mr. David Pratt is giving a 
lecture on Welding Repairs in Low Tem- 
peratures. The meeting is being held at 54 
Princes Gate, and tickets are needed for 
admittance 


Aluminium Pressure Vessels 

The Joint Symposium with the Institution 
of Mechanical Engineers, the Aluminium 
Development Association, and the Insti- 
tution of Chemical Engineers will be held 
at the Institution of Mechanical Engineers 
on 28th October 

Members of the Institute wishing to 
attend should apply to the Secretary of the 
Institution of Mechanical Engineers for 
enrolment forms. 


Annual Dinner and Autumn Meeting 1958 

The Minister of Supply, the Rt. Hon. 
Aubrey Jones, P.C., M.P., has consented 
to be the Guest of Honour at the Institute's 
Annual Dinner on Wednesday, Sth No- 
vember, 1958, at the Park Lane Hotel. Other 
guests will be the Rt. Hon. Lord Coleraine, 


P.C., and the Rt. Rev. The Bishop of 


Kensington. 


The Autumn Meeting will begin on the 
following morning at 10 a.m., when Mr 
John Strong will deliver his presidential 
address. This will be followed by discussion 
meetings ending at mid-day on Friday, 
7th November, at which papers bearing on 
recent developments in welding processes 
will be presented 

It is hoped to arrange a number of 
works’ visits for demonstrations on the 
evening of Thursday, 6th November. 

Tickets for the Dinner will cost £3.0.0 
inclusive of cocktails but not of table wines 
A member of the Institute will be entitled 
to one ticket at £2.10.0 on_ personal 
application 


BRANCH MEETINGS 


The full lists of meetings of the Branches 
for the 1958-59 session are not yet avail- 
able. The following arrangements have been 
announced for September and early 
October: 


3rd Sept.—North Eastern (Tees-side): 
Works visit to Richardson Westgarths 
Ltd., Hartlepool. 





5th Sept.— Wolverhampton: Dinner Dance 
at the Mount Hotel, Wolverhampton; 
7.30 p.m. The Branch is also arranging a 
Works visit for one Saturday in Sept- 
ember 


17th Sept.—North London: Presidential 
Address by L. C. Percival 
24th Sept.—East of Scotland: Film night. 


29th Sept.—Sheffield and District: Works 
visit to Robert Jenkins & Co. Ltd., 
Rotherham, 7 p.m 


Ist Oct.—Manchester: “The  inert-gas 
welding processes”, by W. A. Woollcott, 
Manchester College of Technology. 


2nd Oct.—North Eastern (Tyneside): 
“Recent Developments in Fabrication”, 
by A. D. Barker 


7th Oct.—North London (Slough Section): 
“Testing and Inspection of Welds”, by 
R. B. Whalley. 


APPEAL TO INDUSTRY 


The following list records subscriptions 
received since the compilation of the first 
list printed in the August issue of the Journal 
(page 381) 


Donations 
To those marked with an asterisk should 

be added gifts recorded in later sections of 

the list. 

£500 British Transport Commission 

£250 each *Babcock & Wilcox Ltd. ;*Murex 
Welding Processes Ltd.; *Tube 
Investments Ltd. 

£150 *Stewarts & Lloyds Ltd. 


Commonwealth Welding Conference Guaran- 
tee Fund 

The following have given the sums named, 
which were returnable to them as Guaran- 
tors of the Conference. Those marked with 
an asterisk are additional to donations or 
annual subscriptions. 


£49.15.6 *Babcock & Wilcox Ltd. ;*Murex 
Welding Processes Ltd. 


£19.18.2 *Tube Investments Ltd. 
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£10 or 
under 


English Steel Corpn. Ltd.; 
William Hamilton & Co. Ltd.; 


SCHOOL OF WELDING 


NEWS OF MEMBERS 
TECHNOLOGY 


Charles Ross Ltd.; John 
Summers & Sons Ltd.; Thomp- 
son Bros. (Bilston) Ltd.; Wright, 
Anderson & Co. Ltd. 


Annual Subscriptions 


The following have promised or cove- 
nanted annual subscriptions of the amounts 
shown, over a period of, in most cases, 
seven years. Those marked with an asterisk 
appear in one or both of the previous lists. 
£79a year *Stewarts & Lloyds Ltd. 
£25ayear *Tube Investments Ltd. 

Under £10 Tubewrights Ltd.; Ernest N. 

a year Wright Ltd. 

The total sum received or promised to 
date is £8,566, made up of £5,760 from 
Donations, £765 transferred from the 
Commonwealth Conference Guarantee 
Fund, and £2,041 from the value of Annual 
Subscriptions over seven years. 


The following Courses have been ar- 
ranged for the session 1958-59. For those 
marked with an asterisk all places have been 
filled but reservations can be made for the 
repeat course planned for October 1959. 
D.12 6th-8th October 1958: Control of 
Distortion* 

D.13 9th-10th October 1958: Residual 
Stresses and Stress Relief* 

D.10 10th-14th November 1958: Welding 
in Shipbuilding 

D.5;1 Isi th December 1958: Inspection 
and Testing* 

D.23 12th-16th January 1959: Training, 
Testing and Approval of Welders 

D.15 9th-13th February 1959: Brazing 
Technology and Design 

D.16 23rd-25th February 1959: Welded 
Storage Tanks 

D.18 2nd—4th March 1959: Metal Spraying 

D.6,1 16th-20th March 1959: Welded 
Design and Construction in Cor- 
rosion and Heat-Resisting Materials. 


ELECTION OF MEMBERS 


O.V.S. Bulleid, C.B.E., Past-President 
of the Institute, has retired from his 
position of Chief Engineer of Coras 
lompair Eireann. He was formerly Chief 
Mechanical Engineer of the Southern 
Region of British Railways. 


The Council regrets to record the deaths 
of the following members: 


Rear Admiral A. K. Dibley of Lee-on- 
Solent who was President of the Portsmouth 
Branch until April 1957. (Member, August 
1945; Hon. Member, March 1958.) 


J. Conn of the North London Branch 
(Comp. 1951). 


J. Laithwaite of the Manchester Branch 
(Ass. Member, February 1946). 


A. M. Moncrieff of the Medway Section of 
the South London Branch (Member, 
August 1940). 





The following elections have been made by the Council: 
Council meeting of 12th June 


Members 


J. G. Faber (Harpenden);* I. E. Fraser, V.C. (Wallasey) :** 
W. L. Renton (Edinburgh); P. R. Smart (Baghdad); W. R. 
fadman (Fawley, Hants.);** W. V. Williams (Ruislip). 


Associate Members 


F. Atkey (Catford); B. G. Brett (Croydon);*++ G. D. Chapman 
(Hampton); R. J. S. Dawson (Wortley, Leeds): L. M. A. Gourd 
(London); J. Graham (Chelmsford); G. N. Haigh (Liverpool) ;** 
J. Horswill (Harlow);+ O. J. Krook (Sidcup);** M. R. Lea 
(Castle Bromwich); N. E. Lindsey (London); R. Marshall 
(Gainsborough); O. Mattocks (Cowes, I. of W.); J. S. Neale 
(Hendon);** W. J. Officer (Edinburgh); A. G. Phipps (Histon, 
Cambs.); J. Robinson (Heaton Mersey); R. Webster (Rother- 
ham); H. E. Wright (Chertsey) 


Companions 


F. W. Copleston (Finchley); A. Coxon (West Wickham); 
G. B. Ross (Tasmania); G. Warnaby (Chesterton); F. H. 
Wharton (Loughborough) 


Graduates 


G. D. Carline (London); A. F. Gifford (Derby); D. A. Hem- 
shall (Oxford); C. Jones (Edinburgh): R. Mrithyunjayan 
(Madras); N. Ramachandran (Bombay): D. I. Robinson 
(Kidderminster):§ S. Rowden (Middlesbrough); F. Taylor 
(Wrexham). 


Associates 


B. A. Abdelmagid (Edgbaston); W. R. Baggley (Doncaster); 
P. R. Burgess (London); G. M. Codd (Guiseley); W. C. Cornes 
(Stoke-on-Trent); P. J. Cowley (Dublin); W. F. Dufty (Sal- 
combe); S. A. Dye (Edmonton): W. English (Glamorgan); 
G. L. Firth (Maidenhead); F. G. Gaskill (Derby); G. A. 
Goodwin (Nottingham); A. Henderson (Renfrew); G. E. King 
(London); W. C. Knowles (Wolverhampton); J. H. Macintosh 
(Gourock); F. L. McKinnon (Paisley); D. I. Morton (Birming- 
ham); C. Naisbitt (Stockton-on-Tees); C. G. A. Owen 
(Walsall):§ J. Parker (Corby); M. Pettigrew (Glasgow); D. 
Sims (Southampton); D. G. Stansfield (Leeds); J. H. Turner 
(Cambridge); A. F. Wade (Doncaster); P. A. F. White (Sheffield) ; 
E. J. Wood (Colchester). 


H.M. Forces Member 
J.T. Allott (Rotherham). 


Industrial Corporate Members 
E. Green & Son Ltd. (Wakefield); Kellogg International 
Corporation (London); Metropolitan Carriage & Wagon Co. 
Ltd. (Birmingham); Oxhycarbon Company Ltd. (Croydon); 
Taylor Woodrow Construction Ltd. (Southall). 


Council meeting of 17th July 


Members 
R. R. Roberts (Rugby).* 


Associate Members 


G. P. Child (Manchester); A. L. Creber (Southall); W. E. 
Gloss (Victoria, Australia);+ D. M. Harvey (Bishopbriggs):* 
R. Levick (Stourbridge); P. K. Mallick (Calcutta); F. Morrow 
(Derby); J. A. Muliyil (Calcutta);+ V. G. Norton (Ramsden 
Heath); J. M. Oswald (Giffnock); K. A. Owen (Canterbury); 
J. A. Pursglove (Qatar, Persian Gulf): P. H. H. Rhodes (Sunder- 
land); E. M. Robinson (Leicester)+ A. A. Smith (Stapleford) ;+* 
P. S. Visvanath (Bombay); G. E. Wild (Chippenham). 


Companions 
W.E. Macer (Welwyn Garden City); R. Stewart (Billingham) 


Graduates 
K. G. Hughes (Beaumaris). 


Associates 


J. A. Bajulaiye (Lagos, Nigeria); D. P. Barrow (Lewes); 
L. W. Digweed (Eastleigh); D. Dunn (Renfrew); W. Enge 
(Luton); W. L. Fathers (Lincoln); T. D. P. R. Fisher (Plymouth:;) 
F. Foley (Wakefield); W. A. Geapin (London); E. Hodgkinson 
(Farnworth); S. T. Isa (British Cameroons);:§ R. A. Lawal 
(Yaba, Nigeria); R. J. Moore (Kettering); A. J. Thompson 
(Birmingham); J. Wilson (Salford). 





* Transfer from Associate-Member. 

+ Transfer from Graduate. 

t Transfer from Associate. 
Transfer from Companion. 

§ Transfer from Student. 

** By-Law 6. 

++ Reinstatement. 














NEWS AND ANNOUNCEMENTS 


PROCEEDINGS OF THE BRITISH COMMONWEALTH 
WELDING CONFERENCE, 1957 





The Institute has just published a sub- 
stantial volume containing the Proceedings 
of the first British Commonwealth Welding 
Conference, organized by the Institute, and 
held in London and Saltburn-by-the-Sea 
in June 1957. 

In this handsomely produced quarto 
volume the sixty papers presented to the 
Conference are reprinted together with the 
discussion on them, the whole extending to 
over 450 pages fully illustrated 

The papers are grouped in accordance 
with the ten sessions of the Conference at 
which they were presented, and the dis- 
cussion is recorded in the same order. 
Biographies of the authors are included, 
and there is an ample index, which enables 
one to find the papers on particular subjects 
without difficulty 

Between them the papers cover all the 
welding processes in common use, and all 
the applications to which they are put, the 


interest of the collection being enhanced 
by the fact that sixteen of the papers origi- 
nate outside the U.K. In effect, therefore, 
the book offers a broad and comprehensive 
survey of the position of welding through- 
out the British Commonwealth; the names 
of the contributors and of the companies 
with whom they are connected are a guar- 
antee of authoritative treatment 

This is a work of reference that will long 
retain its value for those engaged in the 
development of the welding processes and 
in any form of welded construction. Itshould 
find a permanent place in every technical 
library which aims to provide up-to-date 
information on the technology of welding 

A copy of the Proceedings has been 
presented to H.R.H. Prince Philip, Honor- 
ary Fellow of the Institute. The binding is in 
dark green morocco, lined with purple 
watered silk and is preserved in a matching 
silk-lined case 


MEMOIR 


Shri B. N. Mohindra, 
B.Sc., A.M.Inst.W A.M.I.E 
A.M.Am.W.S., Vice-Chairman of the 
Indian Branch of the Institute, was born 
at Abbatabad, Punjab, in 1911. He was a 
student at the D.A.V. High School, Lahore, 
and matriculated in 1927. He then con- 
tinued his technical education at the 
Government College, Lahore, and in 1931 
he received a B.A. degree with Honours in 
Physics. 


B.A.(Hons.), 


Mr. Mohindra joined Braithwaite & Co 
(India) Ltd., in 1932, as a graduate appren- 
tice. He came to England in 1936 to obtain 
further training with the parent company 
and returned to India in 1941. During this 
period he received special training in 
welding and obtained a B.Sc. degree of 
London University. 

After his return to India Mr. Mohindra 
devoted his energies to the development of 
welding in that country, and in 1951 he was 
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promoted to the position of Welding 
Engineer for the Company. He made 
another visit to England in 1955 for 





ff 


consultations on the design and procedure 
for welding of the Ganga Bridge. From 
1936 to his death Mr. Mohindra con- 
centrated all his considerable abilities on the 
development of welding and he became one 
of India’s foremost welding engineers. 

His service as an Executive Committee 
Member of the Indian Branch of the 
Institute of Welding for many years was 
highly valued. His wide experience was 
freely made available by him to students, 
fellow members, and colleagues, and he will 
be long remembered by all who knew him 
for his genial personality. 
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BRANCH NEWS 
Branch Committees: 1958-59 
The following honorary officers and 


members of committee have been appointed 
for the session 1958-59 


Indian Branch 
President Sir L. P. Misra, Kt. 
Chairman D. S. Desai 
Hon. Secretary B. N. MAJUMDAR 
Hon. Treasurer B. N. BANERJEE 


Committee 
R. GHOSH 
B. N. BHATTACHARJEE N, C. MALLICK 
J. B. COLEMAN S. S. MUKHERJEE 
T. R. SHIELDS 


S. Bast 


CONTRIBUTORS TO THE 
JOURNAL 


G. H. Batten, B.Sc., A.M.I.E.E.—A 
member of the Heating and Welding 
Engineering Department of Metropolitan- 
Vickers Electrical Co. Ltd. He received his 
technical education at the University of 
Leeds and gained his B.Sc. degree in 1943. 
From that time until 1945 he attended a 
College Apprenticeship Course at Metro- 
politan-Vickers. On the completion of the 
Course he joined the staff of his present 
Department, and is engaged on the develop- 
ment and design of welding and associated 
equipment and investigations into welding 
processes. 

L. M. Gourd, B.Sc.(Eng.), A.M.Inst.W.— 
Senior Metallurgist in the Sales Technical 
Service Department of British Oxygen 
Gases Ltd. He was educated at St. Ignatius 
College, London, and at the University of 
London. He graduated in Metallurgy in 











G.H. Batten 





1949, and continued with post-graduate 
study for a further year. He subsequently 
erved with the R.E.M.f 

In 1952 Mr. Gourd joined the metal- 

rgical staff of G \. Harvey & Co 

London) Ltd., as assistant metallurgist 

After three years he then joined the staff of 

tl British Oxygen Co. Ltd., and was 

gaged on research in connection with 

led welding. He took up his 
ppointment early in 1958 

F. W. Copleston—Technical Assistant in 

eS Technical Service Department of 

B Oxygen Gases Ltd. He received his 

Willesden County School and 

Northern Polytechnic, London 

M ined British Oxygen Gases 

transferred to the Sales 

S< ce two years later. In his 

he 5 responsible tor 

e aircraft industry on welding 

s concerned with the develop- 

ocesses and equipment tor inert 

J Ww Gethin, C.Inst.W Assistant 

W g Engineer with John Thompson 

M Gethin received his early edu- 

W rhampton Grammar School 

en served for some time with the 

G ear Tyre & Rubber Co. He then 

vith the Royal Artillery for eight 

In 1952 Mr. Gethin joined the staff of 

John Thompson Ltd. as a draughtsman in 

the Group Welding Engineer's Department 

Three years later he was appointed to his 


present position. He is well known to 
Midlands Members of the Institute as the 


Secretary of the Wolverhampton Branch 


M. Waller, B.Sc A.M.1.E.E., 
A.M.Inst.W Electrical Engineer in the 
Sales Technical Service Department of 


British Oxygen Gases Ltd. Mr. Waller was 





M. Waller 


L.M. Gourd 


J. W. Gethin 
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F. W. Copleston 


born in 1924 and he was educated at 
Christ's Hospital, Horsham, and at the 
University of Southampton, where he 


graduated in Electrical Engineering. 

He served a works apprenticeship with 
the English Electric Co. Ltd., at Stafford 
and was subsequently employed on the 
supervision of the erection of electrical 
plant 

Mr. Waller joined his present company in 
1954. He is responsible for the development 
and design of electrical equipment for 
inert-gas welding processes. 


The President 
of the Austrian 
Repu blic, Dr 


idolf Scharf, 
opening the 10th 
innual Assembly 
of the IIW in 
Vienna. The Sec- 
retary-General, 
Vr. G. Parsloe, 


and the British 
Vice-President, 
Vr 4. Robert 
Jenkins are seat- 
ed at the left 
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INTERNATIONAL INSTITUTE OF 
WELDING 

1958 Annual Assembly 

The Tenth Annual Assembly of the 
International Institute of Welding was held 
during the first week in July in Vienna. It 
was attended by the largest number of dele- 
gates (810) yet enrolled 

The membership of the Institute has now 
been increased to 58 member societies drawn 
from 27 countries; six welding organizations 
in the U.S.S.R., one in Yugoslavia, and the 
newly-formed Argentine Institute of Weld- 
ing having been elected during the meeting 
Forty-four delegates from Britain attended 
the Assembly, members of each of the 15 
working Commissions. They were led by 
Mr. A. Robert Jenkins, Vice-President of 
the International Institute and  Past- 
President of the British Institute of Welding 

The United Kingdom members of I1W 
are: the Aluminium Development Asso- 
ciation; the British Acetylene Association; 
British Welding Research Association; the 
Institute of Welding: British Electrical and 
Allied Industries Research Association; 
British Electrical and Allied Manufacturers 
Association; and the Institute of Sheet 
Metal Engineering 

Each of these bodies provides two dele- 
gates to a Joint Committee for International 
Welding Relations under the Chairmanship 








General view at Opening Meeting in Neues Wiener Rathaus 














of Mr. Robert Jenkins. It is this Committee 
that is responsible for British representation 
and participation in the activities of ITW. 

One of the features of recent Annual 
Assemblies has been the presentation at an 
open technical session of papers from 
member countries on some special topic 
relating welding to other industries. This 
year the subject was “Welding in the 
Chemical Industry” and four papers were 
submitted from Britain. Three of these have 
been published in the British Welding 
Journal (J. Hinde: “Welding of Nickel 
and High-Nickel Alloys in the Chemical 
Industry” P. H. R. Lane: “Pulsating 
Pressure Fatigue Tests on Pressure Vessel 
Branch Connections” both in the July 
1958 issue; and J. E. Tomlinson, D. Slater: 
“Automatic Welding of Aluminium Plate” 
in the August 1958 issue). The fourth paper 
“Effect of Welding and Stress Relief on the 
Parent Plate”, by J. E. Roberts, will be 
published as soon as space permits. 

Many of the reports that were accepted 
by the individual Commissions, and sum- 
maries of the Chairmen’s reports on the past 
year’s activities will be published in forth- 
coming issues of British Welding Journal. 


British Delegates to Vienna 


R. Weck, Chief British Member of Govern- 
ing Council. 

G. Parsloe, Secretary-General. 

A. Robert Jenkins, Vice-President (Leader). 


Commission | “Gas Welding’, C. S. 
Milne; L. C. Percival; G. Sims-Davies. 


Commission II - “Arc Welding”, R. Butler; 
J. L. Hamilton; S. G. P. de Lange; H. F. 
Tremlett. 

Commission III “Resistance Welding”, 
H. G. Taylor (Chairman); W. S. Simmie 
(Vice-Chairman); R. W. Ayers: E. V. 
Beatson; P. H. R. Lane; N. A. Tucker. 


Commission IV 
Hooper. 

Commission V “Testing, Measurement 
and Control of Welds”, N. T. Burgess; 
H. L. Carson. 

Commission VI 
Harding; C. L. 

Commission VII 
E. P. S. Gardner. 

Commission VIII — “Hygiene and Safety”, 
L. N. Duguid; E. S. Waddington. 

Commission IX “Behaviour of Metals 
Subjected to Welding’, W. Barr; O. 
Bondy; G. M. Boyd; N. T. Burgess; 
P. H. R. Lane; H. F. Tremlett. 


Commission X “Residual Stresses and 
Stress Relieving’, R. Weck (Chairman); 
L. E. Benson; H. Harris; A. A. Wells. 

Commission XI — “Pressure Vessels, Boilers 
and Pipelines’, W. B. Carlson (Vice- 
Chairman); E. Fuchs; E. P. S. Gardner: 
I Macduff; J. E. Tomlinson. 

Commission XII — “Special Arc Welding 
Processes”, N. T. Burgess; A. H. Carring- 
ton; R. A. Cresswell; S. H. Griffiths: 
J. Hinde; P. L. J. Leder. 

Commission XIII “Fatigue Testing”, 
R. P. Newman; R. Weck. 

Commission XIV — “Welding Instruction”, 
V. W. Clack; R. E. G. Weddell. 

Commission XV — “Fundamentals of De- 
sign and Fabrication for Welding”, 
O. Bondy; R. P. Newman; S. M. Reisser 
(Secretary). 


“Documentation”, J. 


“Terminology”, E. W. 
Railton. 
“Standardisation”, 


NEWS AND ANNOUNCEMENTS 


Ten years of international co-operation 

With the completion of the first ten years 
of activity the International Institute of 
Welding has published a book “IITW-IIS 
1948-1958” describing the work and pro- 
gress of the Institute since its formation. 

In the technically equipped countries 
throughout the world the Second World 
War created a tremendous growth in the 
use and application of welding with a 
consequent increase in the number of 
problems associated with new methods of 
fabrication. Although efforts were made by 
the individual national welding organi- 
zations of the various countries it soon 
became evident that co-operation on a wide 
field would be an advantage. 

And so, at the suggestion of the Dutch at 
a symposium held in Utrecht in 1947, and 
after meetings of representatives of various 
countries in Britain, France, and Switzerland, 
the International Institute of Welding was 
set up in June 1948, at the end of an 
international meeting convened by the 
Belgian Institute of Welding. 

The foundation and objects of the 
Institute are described in the first part of 
this commemorative volume. Its organi- 
zation and methods of working are detailed 
in Chapter 2. Further chapters indicate the 
important influence of the work of the 
Institute’s Commissions on international 
regulations and codes of practice, the value 
of exchanges of information between ex- 
perts of the different countries, and the 
propaganda value of the public sessions 
held at the Annual Assemblies, when there 
are opportunities to illustrate the appli- 
cations of welding and to review recent 
progress and developments. 

The remainder of the book is devoted to 
detailed descriptions of the organization 
and work of each of the 15 Commissions of 
the Institute. 

Even a cursory examination of these 
pages is sufficient testimony to the sound- 
ness of the co-operative effort of those 
taking part in this international experiment. 
That the aims of the organization are being 
fulfilled is evident from the annual increase 
in membership of the Institute since its 
formation. 


OTHER SOCIETIES 


Tank and Industrial Plant Association 

Mr. A. Robert Jenkins, J.P., Chairman 
and Managing Director of Robert Jenkins 
& Co. Ltd. of Rotherham, and a Past- 
President of the Institute, has become 
Chairman of the Tank and Industrial Plant 
Association on the retirement of Mr. Grant. 

The New Vice-Chairman is Mr. N. C. 
Fraser, Deputy Chairman of W. J. Fraser 
& Co. Ltd. of Romford. 


American Welding Society—3rd Davis 
Award 

A silver medal and certificate, donated by 
A. F. Davis, Vice-President and Secretary 
of the Lincoln Electric Company, Cleve- 
land, Ohio, is to be awarded annually to 
each author of the paper selected by the 
American Welding Society as the best 
published in the Welding Journal on 
“*Maintenance and Hard Surfacing”. 

To qualify for the award the paper may 
be written by one or two authors, and it 
must be published in the Journal during the 
twelve-month period ending with the 
December issue. The initial period covers 
the 1958 calendar year. 
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The first two awards cover the fields of 
Structural and Machine Design. All three 
awards will be presented at the 40th AWS 
Annual Convention at Chicago in 1959. 


Seminar on Residual Stresses 

Dr. Richard Weck, Director of Research 
of the British Welding Research Association, 
and Chairman of the II!'W Commission on 
Residual Stresses, is to deliver a series of 
lectures during a three-day seminar. 

The meeting is being sponsored by the 
American Society for Metals and will be 
held at Cleveland, Ohio, from 30th October 
to Ist November, 1958. Leading authorities 
in America are being invited to contribute 
to the discussions following the lectures. 


NEWS FROM INDUSTRY 


Competition for Papers on Oxy-Acetylene 
‘lame 

The third international competition for 
papers on applications of the oxy-acetylene 
flame is being organized by the Permanent 
International Commission for Acetylene, 
Paris. Papers submitted must deal with one 
or more practical applications of the oxy- 
acetylene flame, such as welding, brazing, 
flame-cutting, metallizing, heat-treatments, 
etc., or with related problems, such as 
working costs, workshop organization, 
safety aspects, etc. Papers must not have 
been published before Ist January, 1959. 
The competition is open from Ist January 
to 31st December, 1959. Several prizes will 
be awarded, each of a value of at least 1000 
Swiss francs. Full details of the regulations 
of the competition may be obtained from 
the British Acetylene Association, 55 
Gordon Square, London, W.C.1. 
Russian technicians visit British Power 
Stations 

Four Russian industrial technicians, 
headed by Mr. V. I. Baranov, Deputy 
Director of the Department of Turbine and 
Boiler Construction and a State Planning 
Committee Member of the U.S.S.R. recent- 
ly visited a number of British Power Stations 
and the works of some of the leading boiler 
plant manufacturers. 

During a tour of the works of John 
Thompson Ltd. the party were shown the 
techniques used in the fabrication of pipe- 
work, pressings for the motor industry, and 
water tube boilers. They also visited the 
departments specially equipped for making 
parts of the Berkeley nuclear power station. 
Later in the year the Water Tube Boiler- 
makers’ Association will be sending a 
return delegation to visit Russia. 


All-welded steel and light alloy launch 

A fast 80 ft twin-screw express passenger 
launch of all-welded construction has re- 
cently been built by Vosper Ltd. for the 
Compania Shell de Venezuela. 

Most of the shell is made from } in. thick 
mild steel and the hull is remarkably stiff 
and is free from slamming in a seaway. The 
superstructure is of argon-arc welded light 
alloy construction. 


Non-destructive testing 

A new radiographic inspection service, 
for the examination of welds, castings, and 
machine components has been established 
by Gammax Ltd. of London, under the 
personal supervision of R. J. Ford. 
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Field inspection engineers are available 
for on-site operations, and laboratory test- 
ing facilities are provided 


Electronic and Scientific Equipment 


A new instrument company, Research 
and Control Instruments Ltd., are now 
the sole distributors in the U.K. for 


electronic and scientific equipment hitherto 
marketed by Philips Electrical Ltd. The new 
company have also become distributors in 
the U.K. for industrial X-ray equipment 


NEW EQUIPMENT 


Boom Mounting for Automatic Welding 
Head 


The recently introduced *‘Autopak’ auto- 
matic welding equipment, made by Rock- 
weld Ltd., has been further improved with 





n ol 


Ile 
Cried 


a boom mounting for the 
carriage. The boom is 20 ft 

1 can be mounted at various heights 
n eled A frame 


. 


Developments in Tube Cleaning 
existing basic pressure- 
Vacu-Blast Ltd. have 
developed and patented equipment 
techniques for cleaning the internal 


By adapting 


systems 


es of tubes and piping. A small range 
simple attachments enables existing 
Vacu-Blast machines to clean almost any 
ipe or size of tube from }-in. bore up- 
rds. The normal Vacu-Blast gun is re- 


ced by the tube itself, with the pressure 





and vacuum hoses connected at opposite 
ends. For small bore tubes an adaptor is 
provided, made up of a bundle of }-in. bore 
tubes, which acts as a distribution box for 


the abrasive, and a #-in. dia. nozzle is 
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made by C. H. F. Miller, A.G., and 
for X-ray diffraction and spectrographic 
equipment made by Norelco of the U.S.A 


The company will also be responsible 
for the sale and servicing of Miull- 
ard electronic and electro-chemical ap- 


paratus 

The address of the company is Instru- 
ment House, 207 King’s Cross Road, 
London, W.C.1, and the Service Dept. is at 
49 Temperley Road, Balham, London, 
S.W.12 


AND MATERIALS 


used. The same blow-through technique is 
used for larger tubes but the nozzle is 
offered direct to the mouth of the tube. For 
still larger objects the nozzle can be entered 
into the tube, and various attachments can 
be added to provide a scouring motion to 
the nozzle 


Torch for town gas 


A new welding torch, developed by Dr 
C. R. Burch of Bristol University, was 
recently demonstrated at the University, 
under the auspices of the South Western 
Gas Board. It operates at normal pressure 
from the ordinary mains supply and 
provides a hot flame suitable for high- 
temperature brazing (2400 C. max.). Since 
the flame is non-oxidizing the torch is 
particularly suitable for welding aluminium 
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Improved welded pipe joints 

Recent research in the laboratories of 
Quasi-Arc Ltd. and reports from some of 
the firm’s customers have shown that piping, 
or ‘wormholes’ in welded butt joints in 
pipes can be considerably reduced by the 
use of a wider root gap 

It has been shown that for all thicknesses 
of wall and any diameter of pipe the gap 
should not be less than } in. and should 
preferably be about }& in. witha 4 in. root 
face. 

The technique, which applies to the 
‘upwards’ method of welding and not to 
the commonly used ‘stove-pipe’ or vertical 
downwards method, is to use a small 
electrode (not greater than 10 s.w.g.) and 
to weave a bead across the gap with a slight 
pause at each edge, and a rapid return to 
the other side. This reduces the thickness 
of the root run and the amount of heat 
applied to the centre of the bead. Under 
heavily restrained conditions it is obviously 
necessary to take precautions against 
cracking of the thin root run. 


Gas regulator 

A gas regulator with completely built-in 
pressure and contents gauges, safety valve 
and leak-proof diaphragm sealing valve is 
now marketed by D. S. Baddeley Engineer- 
ing Co. Ltd. The “Recorde” regulator is 


suitable for use with all types of gas and 
compressed air 


It weighs under 4 Ib. 





Pipe Welding [Improvements 

The on site ‘stovepipe’ method of welding 
of pipelines at oilfields is greatly facilitated 
if pairs of pipe lengths can first be joined. If 
transport arrangements allow this can be 
done easily in fabricating shops but at site 
it has been more convenient to weld joint 
by joint. The introduction of a new double- 
ending automatic welding machine by 
Quasi-Are Ltd. will now enable this time- 
saving device to be used at the pipeline site. 

The two pipe lengths are supported by 


ball castors in V-shaped idler units; this 
gives freedom of rotation and allows the 
finished lengths to be withdrawn without 
the need for lifting the welding head. At the 
butt joint two pairs of large diameter rolls, 
driven by 4 h.p. motors, rotate the pipes 
under the welding head, which can be of 
the submerged-arc, or gas-shielded bare 
wire type. The speed of the rollers can be 
adjusted to give welding speeds of from 
7 to 70 in. min for pipes varying in size 
from 6 to 26 in. dia. 














Enclosed Engine-Driven Generator 

For use in exposed situations Quasi-Arc 
Ltd. have produced a new version of their 
DEB 400U diesel-engined welding generator. 
The specification of the new model 
(DEB 400) is similar to that of the earlier 
one, but it is fully protected against the 
weather. A hinged roof allows daily main- 
tenance to be done without removing the 
full canopy, and there is a lockable cover 
to the controls. 


Metal spraying for hard facing 

The deposition of tungsten carbide for hard 
facing is now possible at high speed and low 
cost by the introduction of a new Metco 
Thermo Spray powder by Metallizing 
Equipment Co. Ltd. 

Whereas straight tungsten carbide can be 
sprayed the coating is of little value, for the 
particles bond poorly and do not fuse to 
the base material. The new powder is 
mixed with a suitable matrix, and is claim- 
ed to produce a homogeneous coating 


NEWS AND ANNOUNCEMENTS 


Quasi-Arc DEB 400 
diesel welding 
generator 


that is completely fused to the base metal. 

The powder gives a deposit efficiency of 
93°. and the deposit contains almost 80°, 
of tungsten carbide. The material has a very 
low thermal expansion so that high stresses 
during cooling are eliminated. 


Iron and Steel dictionary 

The Verein Deutscher Eisenhittenleute 
in Diisseldorf, in co-operation with the 
British Lron and Steel Institute, has pre- 
pared a useful collection of words and terms 
relating to the iron and steel industry, in the 
two languages German and English. 

Though its applications to the welding 
industry is limited to ferrous materials 
generally it will prove of value to those who 
find it necessary to read original German 
technical papers 

The dictionary is published by Verlag 
Stahleisen M.B.H., Diisseldorf, and is 
available from K. G. Lewis & Co. Ltd., 
136 Gower Street, London W.C.1 (price 


21s.). 


STUB ENDS 


>The 40th Annual Convention and 
Welding Exhibition of the American 
Welding Society will be held in Chicago 
during the week of 6th April, 1959. For the 
first time the allied processes of adhesive 
bonding and the welding of plastics will be 
included. 


> “Safe Design and Use of Industrial 
Beta-Ray Sources” is the title of the 
National Bureau of Standards Handbook 
No. 66, published in May. 


>The United Steel Companies Ltd. 
recently held a four-day conference on the 
relationship of scientific research to pro- 
duction, attended by professors of science 
and engineering from British universities. 
An important feature of the conference was 
the evaluation of research failures as well as 
successes. A similar meeting may be held 
in 1959. 


> “The R.C.I. Standard”’, published in June, 
is the first number of the organ of Research 
& Control Instruments Ltd. It covers 
developments in electronic test and record- 
ing equipment. 

> The papers presented at a Symposium 
on non-destructive testing in the field of 
nuclear energy, held in Chicago in April, 
1957, have now been published in book 
form by A.S.T.M. 


> The next World Power Conference is to 
be held in 1960 in Madrid, the subject of 
the technical programme being “Methods 
for solving power shortage problems”. The 
Fifth Division of the Conference will deal 
with the establishment of nuclear generators 
on an industrial scale. Details can be 
obtained from the Spanish National 
Committee, World Power Conference, 
Plaza de Salamanca 8, Madrid, Spain, or 
from the International Executive Council, 
201-22 Grand Buildings, Trafalgar Square, 
London, W.C.2. 

> A large educational and training centre 
has recently been completed by Babcock & 
Wilcox Ltd., at their main works in 
Renfrew, Scotland. The lecture room in 
the administrative block is able to accom- 
modate over 200 students, and the adjacent 
training workshops can take up to 150 
trainees. Training schemes are available for 
trade, student, and graduate apprentices. 


> The American Welding Society announce 
the election as President of Mr. G. 
Hoglund, Head of the Welding Section of 
the Aluminum Company of America Pro- 
cess Development Laboratory. Mr. C. I. 
MacGuffie, Manager of Marketing of the 
General Electric Company Welding De- 
partment has been elected first Vice- 
President of the Society. 
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CLASSIFIED 
ADVERTISEMENTS 


Situations Vacant 


Welding Engineer required for the pro- 
motion of new and interesting arc welding 
processes 

Successful applicant must be free for 
extensive travel because work will entail 
lecturing, demonstrating, and selling in a 
wide area of the British Isles, working in 
co-operation with existing sales force 

First-class welding skill and wide know- 
ledge of welding applications essential; 
experience with inert-gas arc processes 
desirable. Applicants should be young and 
energetic, with enthusiasm for sales work, 
and academic qualifications in metallurgy 
and/or engineering will be an advantage. 

Please reply in confidence giving full 
particulars to Box No, 223. 


Experienced manual electrode Sales 
Representatives required for all areas of the 
country. Applications treated in strict 
confidence. Apply in writing, giving brief 
details, to Rediweld-Oerlikon Electrodes 
Limited, Kelvin Way, Crawley, Sussex 











Change of Address 


> As from Ist September the address of 
C. Rowland Harman, Executive Editor of 
the Journal will be 6 Ridge End, Hook Hill 
Lane, Woking, Surrey (Tel. Woking 2981). 


> The address of the Nottingham Branch of 
Crompton Parkinson Ltd. is now Crompton 
House, Maiden Lane, Woolpack Lane, 
Notts. (Tel. Nottingham 45678). 





> The Managing Director of Crompton 
Parkinson (Stud Welding) Ltd., appointed 
in June, is Mr. F. Foster, M.Sc., A.M.LE.E, 


> A new welding school to serve industry 
in Northern Ireland is to be established at 
the Castlereagh works of British Oxygen 
Gases Ltd. 


> A complete line of Oxweld flame-cutting 
equipment is described and illustrated in 
a six-page folder just issued by the Linde 
Company, Division of Union Carbide 
Corporation (Form 1174). 


> B. O. Morris Ltd. of Coventry have 
extended their range of air-operated tools by 
becoming sole agents in the U.K. and the 
sterling area for the Grasso range of pneu- 
matic tools, made in Holland. List ZAI 
describes the tools that are available. 


> A. D. Tack Rags and Adhesive Dusters 
Ltd. have changed their name to Anti-Dust 
Services Ltd. The address of the company 
remains as before: Stafford Street, Dudley, 
Worcs. (P.O. Box No. 28). 

> A recent addition to the series of trans- 
lations of Russian technical books, issued 
by the D.S.LR., is one entitled “The 
Calculations of Deformations of Welded 
Metal Structures”. 


> The chief engineer of Rockweld Ltd., 
Mr. Peter Barsby, has been visiting the 
subsidiary company Canadian Rockweld 
Ltd. in Toronto, to organize and schedule 
production methods and to introduce the 
latest scientific techniques developed at 
Croydon. 
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Welding Journals 


Schweissen und Schneiden (Germany), vol. 10, June 

Influence of welding on modern design of boilers and chemical 

equipment, H. Seifert (197-199) 

Manufacture of heat-transfer equipment for the chemical 

industry. J. Mundt (200-202) 

Structural elements for chemical equipment in modern welded 

construction, M. Fischer, K. Szalla and K. Michel (202-204) 

Large size welded condenser, W. Lichig (204-206) 

Combined use of steel and copper in the manufacture of chemical 

equipment, R. Kocher (206-209) 

Welded equipment made from nickel and high-nickel alloys, 

F. W. Strassburg (209-212) 

Welded fittings made from stainless and acid-resisting steels, 

F. Hiller (213-214) 

High-vacuum-tight welding of mercury-vapour rectifiers, Hein- 

Bertels (214-217) 

VMianufacture of a galvanising vessel from hard polyethylene 

with the use of modern welding methods, E. Rottner (217-219) 

Automatic resistance welding of a V-belt pulley, A. Weis 
19~222) 

Interesting weldments from the motor car industry, E. Dengler 
22-223) 

The semi-automatic welding of longitudinal seams for fuel tanks 

made of thin sheet metal, F. Ast (224-226) 

Sea water resistant winch in light alloy, H. Heinemann (266-227) 

The welded structure for the floating oil drilling plant ““Adma™ 

enterprise, H. Schoof (228-230) 

A welded hollow box structure for a railway viaduct near 

Ketwiger Strasse near Essen Station, K. Doérnen (230-233) 

Modern turntable in hollow box construction for railway 

engines, Ernst Schellhéh (233-237) 

The Datteln Bridge, a fully welded road bridge in lattice con- 

struction, H. Krause (237-239) 





Welded lattice girder with tubular diagonals, H. Biickreiss and 
Th. Schaaf (239-241) 


Welded portable halls made of light alloys, H. H. Grix (241 


~ta) 

The pressure gas welding process in reinforced concrete con- 
struction, P. Steid! (242-244) 

Welded crane girder for outside crane track, 
(245-247) 

Welded jib cranes in lattice and light plate construction, Kar! 
Eckinger (247-250) 

Welded steel base for turbo machinery, EF. Kaluza (250-253) 


Progress of welding in the manufacture of rolling mill plant, 
W. Wilmes and J. Briick (253-254) 


Alfred Stoll 


Welding Engineer (U.S.A.), 1958, vol. 43, June 


Welded trusses to support newest NY¢ 
Tancula (34-36) 

At the new Colorado Air Force Academy welding heips raise the 
roof (37) 


skyscraper, F. 1 


For aluminium or magnesium new process features close control 
of brazing heat (38-39) 

With careful selection and use, filler wire is the key to better 
titanium welds, James H. Johnston (45-48) 

Automated welding line produces 500 units per hour (49) 
Engineering data sheet No. 213 Weldable titanium alloys (75) 


Zvaranie (Czechoslavakia), 1958, vol. 7, June 


Decrease of hardness in the transition zone in welds of low-alloy 
boiler pipes, V. Smid and R. Sejnoha (161-169) 

Comments on: The problem of the effect of a vibrating elec- 
trode on weld porosity, P. Hrbal (169-171) 

Air-operated flame-gouging with a carbon electrode, J. Skriniar 
(171-175) 

Comments on: Automatic-welding development, M. Mosny 
(175-178) 

Factors in argon shielded welding with consumable electrodes, 
P. Zuffa (179-180) 

Testing of soldering qualities of solders, V. Ruza (181-183) 


Other Journals 


Modern trends in electrode design, L. J. Lalor (Engineer and 
Foundryman, 1938, vol. 22, April, pp. 57-58) 

Developments in propane torch metal cutting, J. R. M. Barclay 
(Engineer and Foundryman, 1958, vol. 22, pp. 64-66) 


Recent developments in industrial oxygen production, M. A. 
Dubs (Transactions of the Institution of Chemical Engineers, 
1958, vol. 137, June, pp. 145-154 and discussion pp. 158-161) 
Brazing alloys tackle the heat barrier (S/ee/, 1958, vol. 142, 
May 19, pp. 140-142) 











lead 
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Method of testing welded structures, J. P. Nell (Engineer and 
Foundryman, 1958, vol. 22, pp. 61-63) 

Titanium rod and sheet ( Metal Industry, 1958, vol. 92, 13 June, 
pp. 487-489) 

Discussion on “Welded ship construction—-records of common 
fractures and their causes”, H. R. Gibbs and G. M. Boyd 
(Transactions of the Institution of Engineers and Shipbuilders 
in Scotland, 1958, vol. 101, part 6, pp. 303-316) 

Design of a large span steel arch, A. F. Butters (Engineer and 
Foundryman, 1958, vol. 22, pp. 70-72) 

Failures in welding and design, A. Mauchan (£ngineer and 
Foundryman, 1958, vol. 22, pp. 59-61) 


Recent heat-treatment furnace installations annual survey of 
developments ( Metallurgia, 1958, vol. 57, June, pp. 283-302) 
Works development, A. H. Hofmeyr (Engineer and Foundry- 
man, 1958, vol. 22, pp. 73-76) 


Flame cleaning, J. J. Harrison-Smith (Engineer and Foundry- 
man, 1958, vol. 22, pp. 68-70) 


Automatically controlled cathodic protection; anodes of any 
length (Ship and Boat Builder, 1958, vol. 11, June, pp. 191) 


ADDITIONS TO THE LIBRARY 
BOOKS AND PAMPHLETS 


AMERICAN WELDING Society. Recommended safe practices for 
inert-gas metal-arc welding. AWS A6.1-58. New York, 1958 
(Price $1.00) 


British COMMONWEALTH WELDING CONFERENCE, London and 


Saltburn, June 1958, Proceedings. Organized by the Institute 


of Welding, London. (Price £3 Ss 6d for contributors 
£4 6s 6d Members: £5 7s 6d non-members) 


Welding in boilers power station plant, T. Carlile and H. Harris 
(1-12). Details given include those for fabrication by welding 
of drums, steam pipes, superheaters. Reference made to 
welding techniques used in this industry and to site methods, 
Welded aluminium construction in road vehicles, J. G. Young 
and D. R. Thomas (13-17), Reviews the development of the 
newer inert-gas welding processes, leading to the use of 
higher strength materials, illustrated by a number of examples 
Hardening of rail ends, G. K. Colligen (19-26). The processes 
of rapid heating and self-quenching, developed for the New 
Zealand Railways. Details of equipment 

Welding in locomotive and carriage wagon work shops of 
British Railways, G. Foster (26-31). Application to the manu 
facture and repair of steam locomotives, etc. Types of material 
welded, the processes used, and jigging adopted. Table gives 
processes as used with each problem 

Fatigue strength of thermit welded rails, R. S. Loubser (32 
36). A laboratory investigation. Stress concentrations at 
changes of section, also adverse influences inherent in welded 
materials 

Use of welding for track maintenance, E. A. Whitelock (37 
42). Welding activities have been integrated into the frame- 
work of general track maintenace on the South African 
Railways. Emphasis given to organization. Applications 
discussed, 

Welding of rail joints on Indian Railways, K. C. Sood (43-45) 
Processes used, tests laid down for welded joints, also des- 
cribes long welded rails experiment 

Welding and the generating station, L. C. Dipper (46-52) 
Influence shown of welding on the design and development of 
modern electric power stations. Use of welding in the manu- 
facture of boiler and turbine plant, with reference to other 
types of power station. 

Metal-arc welding of mild steel plate, R. S. Bolton (53-60), 
Characteristics of mild steel, faults likely to occur, means of 
overcoming them by choice of material, electrode, and pro- 
cedure. Inspection and training of operators described. 
Welded machine structures: some considerations on design 
and fabrication, F. Koenigsberger (61-66). Design and fabri- 
cation problems involved in the manufacture of machine 
structures by welding. Solutions and references given. 
Current views on the function of stress relief, R. Weck (67- 
70). Processes for the relieving of residual stresses are diverse, 
but it should be possible for agreement to be made in cases 
where stress relieving may be difficult as well as those for 
which it is possible without much trouble. 


Welding in the petroleum industry, E. P. S. Gardner and E. A. 
Reynolds (71-77). Current practice in the application of 
welding processes. The materials used and aspects of their 
weldability are considered, in relation to pressure vessels, 
pipelines, and storage tanks. 

t/uminium welding in British shipyards, ~. W. Jefferson and 
H. C. Constantine (78-82). Special reference to structural 
work, showing how alloys used, choice of processes and 
equipment. Special characteristics of the processes have in- 
fluenced design and practice. 

Aluminium welding in the Canadian shipbuilding industry, H. 
McClymont and I. A. MacArthur (83-88). Development of 
the argon-are and inert-gas metal-arc welding processes and 
their general acceptance throughout Canadian industry as the 
prime means of producing fusion welds in aluminium — an 
important factor in the use of aluminium to shipbuilding 
Design of weldments, choice of process, training of welders 
Welding in the mining industry, 8. C. Walker (89-92). In- 
crease of productivity by the use of welding in the machinery 
used. Safety in operation is largely dependent on the use of 
welded suspension gear. 

Welding of aluminium in the chemical and allied industries, 
W. A. Gardner and T. J. Peake (93-102). Special character- 
istics of aluminium and alloys make them ideal for chemical 
plant applications. Welding process requirements are reviewed 
Notes on the weldability of alloys are given 


Developments in the welding of nickel and high-nickel alloys for 
the chemical industry, J. Hinde (103-107). Composition and 
properties are detailed, and applications to chemical plant 
are outlined. Processes of welding described, with require- 
ments for electrodes and filler wires. 


Selected welding problems in the heavy chemical industry, 
M. E. Pool and P. T. Moore (108-112). Some of the problems 
provided by welding are discussed: the inspection and con- 
tol of flash-butt welded pipe-work, and the use of backing 
rings for manual pipe-welded etc. Choice of materials given 
for low-temperature service 


Low temperature properties of some welded austenitic steels, 
F. A. Ball and K. Balajiva (113-118). Tensile and impact 
properties of metal-arc welded joints, using matching elect- 
rodes, have been determined for four austenitic Cr—Ni steels 
between 20° and —196°C. and compared with corresponding 
wrought steels. Suggestions given for improving impact 
properties 

New developments in welding processes for ferritic steels, 
P. L. J. Leder (119-125). Gas shielded processes discussed in 
relation to the established processes and current developments 
in the combined application of flux and gas protection are 
described. 


Recent progress in the development of welding power sources, 
H. C. Hebard (126-132). Manual and automatic arc welding 
equipment. Recent progress in the development of rectifiers 
for welding power sources is also described. 

Experimental determination of bonding temperature, R. D. 
Wasserman and G. M. A. Blanc (133-136). Describes a 
method undertaken by the “Brazing and Surfacing’ Sub- 
Committee of the International Institute of Welding. For 
appropriate filler metals and fluxes the bonding temperature 
is considerably lower than the solidus of the filler metal. 


Production applications of automatic self-adjusting arc welding, 
T. G. Perry (137-142). Applications to flat stainless steel 
panels, and for cylindrical aluminium vessels are described. 
Limitations of equipment on the welding speed are outlined. 


Inert-gas welding of aluminium: Recent developments in 
Canada, M. J. Waite, H. L. Saunders, and J. A. Hirschfield 
(143-147). Quality of accessories for welding have become 
improved, and machine welding is becoming very common 
because of its adaptability to new requirements. 

Gas-shielded welding of mild steel, R. E. Jahn and L. M. 
Gourd (148-155). Includes results of mechanical tests on 
welds and gives details of suitable joint edge preparations, 
Recent developments in inert-gas welding in the aircraft 
industry. R. C. Hesketh-Jones and R. L. Fannon (156-163). 
Related to the fabrication of gas-turbine and rocket motor 
components, particularly the argon-arc method. 

Application of welding in the atomic energy field, L. Rother- 
ham and I. H. Hogg (165-171). The uses and requirements of 
welding in Calder Hall and Dounreay reactors are indicated, 
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Hardfacing in industry, M. Riddihough (172-176). Manual 
and automatic hardfacing methods currently used are illus- 
trated and extent of use in industry indicated 

{utomatic arc welding as a production tool, J. A. Lucey and 
A. H. B. Swan (177-184). Potential advantages for increasing 
productivity. Emphasis is placed on individual requirements 
in various sections of the engineering and shipbuilding 
industries 

Productivity measurements in arc welding, A. G. Thompson 
(185-190). Requirements for a satisfactory method of fore- 
casting welding times are listed, and methods are proposed 
and described to meet these requirements 

Precision resistance welding for greater productivity in quantity 
production, E. V. Beatson (191-196). A statement of the need 
for precise knowledge and control throughout production of 
limitations, variations of the processes used 


Welding in shipbuilding: the past fifteen years in Britain, J 
Lenaghan (197-202). Improvement has taken place in welded 
design for ship structures and to raise productivity in the 

yyards. In the future, shop welding will increase the 


juality of the structures, moving towards quicker and 

heaper production 

British Standard tests for use in the approval of welders, t 
f 

Flintham (203-205). Reviews the scope of B.S.2645, and the 


hod of testing and assessment 
ition of testine methods for welding control, A. H 
(206-210) what radiography, magnetic 


penetrants and strain gauge testing 


Suggests 


ultrasonics, 


weld quality in steel by training and inspection, 
\. J. P. Tucker (211-214). Destructive and non-destructive 

ls of testing welds detect faults only after the welds 
ide, and so only indirectly prevent the formation 
which can be partly achieved by proper training 


etc 


welds and welders, N. T. Burgess (215 
radiography and ultrasonic testing in the exam- 
The difference between testing steel and 
with comments 


Aft auioy 


entioned 
welds is discussed, 
' msiderations in aluminium design, M. J. Waite and 
ders (221 The selection of alloys and welding 

s and the location and design of joints are important 
mproving the product and reducing fabrication 


295) 


wr under load of longitudinal fillet welds in aluminium 
G. M. Crook (226-232). The particular influence of the 
eld length on the strength and the inelastic redistribu- 
of stresses 1s studied 
i structural connections in aluminium alloys, D. H. 
Wade (232-236). The stress distribution in the side fillet welds 
necting cover plates to a butt joint in aluminium alloy 
ealt with. Argon are processes used, but techniques 








liscussed 


rication of welded bridges in Canada, G. Cape (237-243) 
Methods and techniques developed. Lists those built since 
935 and describes fabricating methods used in typical cases. 


ed tubular structures, T. Bedford (244-251). Satisfactory 
ts in tubular structures can now be achieved by modern 
ng techniques 
of welding progress in Great Britain, W. S. Atkins 
253-260). Historical survey of progress, as applied to a wide 
ge of materials, from being a craft to its development as a 
ence. Applications in many engineering industries. 
Effects of gases on the constitution and properties of ferritic 
weld metal: Review of information, W. D. Biggs (261-267). The 
origin of gas in weld metal is discussed. 


The bend test as a criterion of weld metal quality, J. W. Shed- 
den (268-274). A relationship was found between the length 
of cracks produced by the tests and the manganese/sulphur 
ratio in the weld deposits. 

The boundary zone factor in arc welding, H. Thomasson (275 

278). The factors of electrode diameter, plate thickness, pre- 
heat, and postheat are studied and the results discussed. 


Welding education in Britain: The road ahead, G. Parsloe and 
R. E. G. Weddell (275-278). The Council of the Institute of 
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Welding has adopted the findings of the Ashorne Hill Con- 
ference on the functions and education of welding engineers, 
and so has announced a policy. Direct instruction. 

Training the welding technician and engineer by correspondence, 
R. M. Gooderham (282-286). Developed by the Canadian 
Welding Bureau 

Education and training for welding, H 
Hinxman (287-291). Deals specifically 
training in aluminium welding 


McClymont and H 
with the need for 


Some thoughts on the training of welders, F. Clark (292-296). 
Reference to the Trade School training for gas welding. 
Qualification of instructors, formulation of syllabuses, and 
suitable material for instructional purposes 

Welding in South Africa, F. J. A. van Reenan and V. J. D. 
Hill (297-303). Expansion of steel production and its place in 
the welding industry. Applications in all industries 


Development of the use of welding in India, R. Ghosh (304 
307). Development in the main industries 
Welding research in the British Oxygen Company Group, N 
Booth (308-309). Outlines the scope and research facilities 
Co-operative welding research in Great Britain, H. G. Taylor 
(310-314). Shows the work that has been done and the 
changing outlook in the industries over the past years. 
Welding austenitic steels for gas-turbine rotors, R. R. Roberts 
(315-318). The manual metal-are process as used in this work 
is described, together with difficulties experienced and the 
methods of overcoming them 
Effect of welding on the stress-rupture properties of some 
Nimonic alloys, D. R. Thorneycroft (319-325). Describes stress 
rupture tests at 750°C. on argon-arc, metal-arc and flash-butt 
welded joints in the Nimonic 75, 80A, and 90 alloys. Com- 
parison is made of the properties of the joints with those of the 
unwelded material. 
Application and performance of ferrite controlled stainless steel 
electrodes, M. ee I Bystram (326-331) Discusses the causes 
and effects of hot-cracking, martensitic cracking and sigma- 
phase embrittlement in stainless steel welds, and suggests 
solutions of more difficult problems by the use of electrodes 
with controlled ferrite content to give weld compositions in 
“the safer region” of Schaeffler’s diagram 
The problem of cracking and fissuring in austenitic weld 
metals, W. K. B. Marshall (332-338). Metals considered are 
the chromium-nickel steels and also the 12 manganese 
steels. 
Welding of corrosion resisting steels 
Commonwealth, J. A. McWilliam (339 
traced from 1924, when first 18°, Cr-8 
veloped in Britain. Certain post-war 
described. 
Welding reactive metals: Zirconium, Tantalum and Niobium, 
F. G. Cox (345-352). In general the argon-are technique is 
used for thicker material, resistance welding being more 
applicable to sheet thinner than about 0-020 in 

BritisH STANDARD 2493:1958. Molybdenum and chromium- 
molybdenum low-alloy steel electrodes for manual metal-ar¢ 
welding. London, 1958. British Standards Institution (Price Ss.) 

BritisH WELDING RESEARCH ASSOCIATION 
methods for the examination of welds. Report T.29 1 
1958 (Price 7s. 6d.) 

Burkett, J. Microrecording in libraries. Pamphlet No. 17 
London, 1957. The Library Association (Price 8s. 6d.) 

INSTITUTION OF METALLURGISTS. Behaviour of metals at elevated 
temperatures. Lectures delivered at 1956 refresher course 
London, 1957, lliffe & Sons Ltd. (Price 20s.) 

METALS AND ALLoys. Sth edn. London, 1949, Lliffe & Sons Ltd. 
(Price 15s.) 


Developments in the 
344). Development 
Ni steel was de- 


equipment is also 


Non-destructive 
London, 


TRADE CATALOGUES 


‘Rapid’ Spot welders. A new range of all purpose machines. Sciaky 
Electric Welding Machines Ltd., Falmouth Road, Slough, 
Bucks. 

Secrom Process, oxy-acetylene or arc welding. A revolution in the 
welding of reinforcement bars butt to butt in concrete con- 
struction. M. Semet & Co. Ltd., 2 Caxton Street, London, 
S.W.1 

Siemens Ediswan Laboratory electrical equipment. Siemens 
Edison Swan Ltd., 155 Charing Cross Road, London, W.C.2 









































FORTREX 395A 





The only electrode specially designed for 
extra thick plate welding 


The Murex ‘Fortrex 35A’ electrode is the only 
electrode which has been specially designed for 
the welding of the extra thick plate (e.g. 3-4 in 
thick and over) now being used in nuclear 
energy and other industrial applications. This 
electrode gives all the required properties 
throughout the whole section of the welded 
joint; the weld metal having particularly good 
impact properties far above minimum re- 
quirements at sub zero temperatures. The 


a We 
MUREX 


electrode also has all the advantages of the 
standard ‘Fortrex 35° type. It is an all position 
electrode; it is simple to use, slag removal is 
easy and the radiographic quality of the weld 
metal is sound. 


‘Fortrex 35A° electrodes and the technical facil- 
ities of the Murex organisation are at your service 
for the welding of extra thick plate. 


The world’s finest welding electrodes and equipment 


VV MUREX WELDING PROCESSES LTD., Waltham Cross, Herts. 
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Iustrated above is a Dust Cover for 


hydraulic machinery with an overall 
length of 23 feet, sliding doors at side 
and removable top covers. The main 
frame is of all-welded construction. This 
is just one of the many examples of Steel 
Fabrications by Thos. Marshall & Son Ltd. 





STEEL FABRICATIONS sy THOS. MARSHALL 


& SON LTD. 
WELLINGTON BRIDGE, LEEDS, 12 . ‘GRAMs: ‘CISTERNS’ LEEDS, 12 - TEL. 32186 (5 lines) 











For increased efficiency.... 






Lex 
put it oh X Castors 


‘Putting it on castors’ is certainly the way to speed 
things up, and to an amazing extent when the right 
castors are used for the job. The varied uses of Flexello 
castors are virtually limitless. They are used in nur- 
series and steel mills, aircraft plants and beauty par- 
lours. Flexello has the range, the service and facilities 
to make castors the true servant of the production 
manager, the hospital matron, the restaurant mana- 
ger or the storekeeper. Closest inspection, superior 
design and up-to-date production methods have made 
Flexello the largest 
castor manufac- 
turer in Europe. 





- 
* 
*. 
Ss 
7 


CONSTANT QUALITY 
CASTORS 


SB 


Only a very small section of our range is 
shown here. Please send for catalogue No. 
156 B.W.J. or a technical representative for 
| industrial advice. 


FLEXELLO CASTORS & WHEELS Led. SLOUGH, BUCKS. Tel. Slough 24121 
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TETANIUM 


—ean it be welded ? 


The answer to this important question depends 
upon two factors—the type of titanium and the 
type of welding process envisaged. 


Commercially pure titanium has properties 
which make it ideal for resistance, spot and 
seam welding, and the argon arc process allows 
excellent fusion welds to be made. Using these 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.I 


SEPTEMBER, 1958 


techniques, welded assemblies can be confidently 
designed which will withstand arduous service 
conditions. 


Not all of the high strength titanium alloys are 
suitable for fusion welding, but high strength 
alloys specially devised for welding are being 
developed. 


























ARMOURED HEATERS 


for the pre-heating and stress-relieving of 
welds and other forms of heat treatment. 


Flexible resistance heaters to operate at working 
temperatures up to 800°C (1472°F) readily pro- 
vide heat treatment to code requirements and 
have many advantages over other methods: 


% LOW INITIAL COST + LOW POWER CONSUMPTION 
ye EASILY INSTALLED y& EASILY CONTROLLED 
te SAFE LOW VOLTAGE %& PORTABLE 


IIlustracion shows typical set-up being prepared for heat 
treatment and welding 


(photo by courtesy of Foster Wheeler Ltd.) 


Please write for the new illustrated leaflet No. W/321 


ELEGTROTHERMAL 
~ ENGINEERING LTD 


270 Neville Road, London, E.7 Tel. GRA 9911 








Welding at Butterfields Stainless Steel Vessels for 
Constructors John Brown Ltd 


calls for a ‘get together’ of work from many 
departments before the 
final ‘get together’ of parts into whole 


A JOINT Affair in 





STAINLESS STEEL 


To take a mirror-polish 
if required, immaculate 
welding is essential. 
This is work in which 
Butterfields excel 





And for the welding of Aluminium, 


either the Argon Arc or Argonaut W. P. BUTTERFIELD LTD P.O. BOX 38 SHIPLEY YORKSHIRE 
method is used Telephone: 52244 (8 lines) 

Branches: LONDON Tel. Holborn 2455 (4 lines) BIRMINGHAM Tel. EAS 0871 and 
EAS 2241 BRISTOL Tel. 27905 LIVERPOOL Tel. CENcral 0829 

MANCHESTER Tel. BLAckfriars 9417 NEWCASTLE-ON-TYNE Tel. 23823 

GLASGOW Tel. CENtral 7696 BELFAST N.I. Tel. 57343 DUBLIN Tel. 73475 and 79745 





We are equipped with Weld X-Ray 


Plant, materials testing and micro- 
scopic examination facilities for any 
required class of work 


BRITISH WELDING JOURNAL 

















Approaching 
fully automated welding 


300 SUB-ASSEMBLIES PER HOUR 


Progress towards full automation in the motor industry 1s taken 


an important stage further by this latest advance in multi-head welding. 





This table top machine at Briggs Motor Bodies Limited, Dagenham, making 24 iNG 


simultaneous spot welds on a luggage boct door permits an entirely automatic sequence 


SS “S 
and can complete up to 300 sub-assemblies per hour for the new Ford ‘* Graces” oA} 





METROPOLITAN -VICKERS wane ame 
ate nines 1a pooh. 














An A.E.1. Company 


METROVICK Equipment for More Efficient Welding 





L/W 702 
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These precision hand welding tongs have been designed to 

overcome the problem of difficult placed welds. They have a built- 

in micro-switch and adjustable electrode pressure and initiation is by low 

voltage making the tongs safe from shock. For existing equipment with- 

out low voltage switching a small adaptor unit is available Wit 
| 









Available in two sizes 


WIA r max. weidin 






The power unit illustrated is housed in a robust steel case and con- | 
dye ys sists of a power transformer, electro-mechanical! timer and current control 111] 
WTB for max. weldis { resistance. Voltage 200/240 A.C. Illustrated leaflet available on request. il 

Wi HI 















ITMTTTTENTTUNNTUUOTONONI TOOT INTTTINTT TUUOTUTOUTTUOUTTNOOTTIL LULL 
OTHER H.E.D. PRODUCTS * Coil Winding * Welding Control * High Speed Contactors * Saturable Reactors 
* Transformers * Precision Welding Equipment * Magnetizing Equipment * Air-conditioned Welding and Assembly Benches 


HIRST ELECTRONIC LTD ~- Gatwick ROAD, CRAWLEY, SUSSEX © CRAWLEY 2572/-2-3 





To Photographic and Radiological Departments: 


A new PURHYPO 


Silver Recovery Unit 





PURHYPO - for many years recognised as the simplest 
method of regeneration of the photographic fixer and 
recovery of silver - now comprises a new and simpler 
equipment. 





¥*no moving parts 
Just fix the rectifier unit on a wall conveniently near the fixing tank, 
and suspend the electrode assembly in your tank. If fixing space is too 
small, the electrodes can be fitted after working hours, or in a separate 
reserve tank to which exhausted hypo is transferred for regeneration. 

The deposit on the stainless steel strips of the cathode can be easily 
removed in the form of flakes of pure metallic silver. 


¥* no risk of frothing 


¥* negligible current 
consumption 


Recovers the silver. Saves fixer. Improves fixing time 


Sole Agents for British Commonwealth: 


D. PENNELLIER & COMPANY 
LIMITED 


28 HATTON GARDEN, LONDON, E.C.1 
Telephone: HOLborn 4064 CHAncery 4681/2 
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amt: 





Ratings— 320 Amps. continuous. 425 Amps. intermittent. 
Complies with B.S. 638 (1954) Group X. "Le > 











Type O.T.I. (1955) 











single operator welding sets 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2. 
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BPENER ES EPER VU RRR EL INS PRA AEN 





The two mild steel heads for 
Drvers used in the paper-making 
ndustry are 12 ft in diameter 
and each weighs 2} fons 

The sketch shows how the solid 
ring has been machined out and 


prepared to receive the shell 


The segmental plates are pressings 


produced th our Own works 





Welding by He OTH 


JOHN BOOTH & SONS (BOLTON) LTD., HULTON STEELWORKS, BOLTON Telephone BOLTON 1195 
LONDON: 26 VICTORIA STREET, WESTMINSTER, S.W.1 Telephone ABBey 7162 














ADVERTISERS’ INDEX 


Anglo-Swedish Electric Welding Co. _ Jenkins, Robert, & Co. Ltd. Inside front cover 
Johnson, Matthey & Co. Ltd. 13 
B-L-X. Ltd. ‘ Johnson, Richard, & Nephew, Ltd. 18 
Babcock & Wilcox L td. 
Barnes, Douglas, Ltd. . : Kodak Ltd. 
Booth, John, & Sons Ltd. 32 a iat ih 1) 
Braithwaite & Co. (Engineers) Ltd. 15 Lincoln Electric Co. Ltd. _ 
British Industrial Gases Ltd. . 6 arconi Instruments Ltd. . 9 
British Insulated Callender’s Cables,Ltd. . 4 Marshall. Thomas, & Son, L td. 6 
British Oxygen Gases Ltd. Outside back cover, 3 Marston Excelsior Ltd. . ; » 2 
British Thomson-Houston Co. Ltd. . ~ Mersey Cable Works Ltd. . 16 
Butterfield, W. P., Ltd. 28 Metal and Pipeline Endurance Ltd. . 11 
‘arborundum Co. Ltd.. The . Metropolitan-Vickers Electrical Co. Ltd. 2, 29 
or & . ie Milne, C. S., & Co. Ltd. , . 14 
Cooper & Turner Ltd. - yom M 
Courtburn Positioners Ltd. — sean te Ltd. es ' -_ 
Crompton Parkinson Ltd. Murex Welding Processes, Ltd, ; + & 
an Long (Steel) Ltd. . ; ewton VictorLtd. 
ppoemen Leng Cap N Norton Grinding Wheel Co. 24 
lectrothermal Engineering Ltd. . — nnellier,D.,& Co.Ltd... , ; . 3 
seme: | eit << tintin 
ectic ‘ a _— : 
ne s 7 Quast-Arc Co. Ltd., The ‘ ; 17 
Fiexello Castors & Wheels ..td. 26 


Robey & Co. Ltd. 


General Electric Co. Ltd., The —_— Rockweld, Ltd. l 
Rylands Bros., Ltd. 
Hancock & Co. (Engineers) Ltd. . — 


‘- aturn Industrial Gases Ltd. ; 19 
om herstins Ne Yt eae Smith, Hugh, & Co. (Possil) Ltd. 
; ; F Spencer Wire Co. Ltd., The 
[!ford, Ltd. _— Suffolk Iron Foundry Ltd. 
Imperial C hemical Industries, Ltd. . “ome — : ‘ 
Invicta Electrodes, Ltd. . ; . 10 Wiesin, Henry, & Co. Ltd. . ; : - 20 











Published by Tue Institute or Weipine, 54 Princes Gate, London, S.W.7 
Made and printed by Percy Lund, Humphries & Co. Ltd., London and Bradford 














{i 













FASTER WORK ! 50’, to 100”, faster 
than with normal mild steel electrodes. Easier, 
too! Slag /ifts off, eliminating usual chipping 
and brushing. 











BETTER WORK! Leaves a smooth 
even weld with perfect surface finish, and 
excellent mechanical strength. 





AT LESS COST! Saves all the way— 


euamapalinas-Comendl Crvteguls Wegun aint. Sohiey means more output, and a better job all round. 





Reduces work before finishing to a minimum. 











IRON POWDER ELECTRODE 





The C23 electrode is specially designed for Chief characteristics of the electrode are: 
very fast welds in the downhand, standing High rate of metal deposition. 
fillet, and horizontal-vertical positions. Extremely easy slag removal. 
Ease of welding. 
Immediate striking and re- peiper. of the arc. Excellent weld appearance at all speeds. 
Flexible length of deposit; e.g. a standing fillet Suitable for COR-TEN Steel. 
can be made with one Mai within the Less sensitive to plate impurities than normal 
range 10”°—30” in length at the same current — steel —, No. E 02 
on . . 2 9.77719: ode NO. E 927. 
Philips Electrical Ltd setting. y: ESS COGs av 9 


The type C23 may be used on either A.C. or 


\. 


Industrial Products Division 
Century House - Shaftesbury Avenue 


London - WC2 
(P10277) 
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FROM BRITISH OxVGEN — F R BRITISH InOuUS TRY 


Always ask for vA 
“ALDA" | 


rods and fluxes 


BRITISH OXYGEN SUPPLY ALDA 
—the famous range ot rods 

and fluxes. And a complete range 

of welding accessories— 

from goggles and gloves 

to friction lighters and wire brushes. 
ALWAYS ASK FOR ALDA. 


Write tor tully illustrated literature. 


BRI TiIsSHo OXYGEN 


British Oxygen Gases Ltd., Industria! Division, Spencer House, 27 St James's Piace, London, S.W.1. 
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